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IMPROVED APR 




TUS, METHODS AND 



COMPOSmONS^FORBIOTECHNICAI. SEPARATIONS 



BadqgrQimd of fhe Inventioii 

5 The present appKcation is a cx)ntittuatioii-iiL-part^^^ Patent Application 
09/609,996 ffledQ7/03/2QQ0,viiiich 
Application60/143,768 filed 07/12/1999. 

The RNA research was^^^f^ G.E.F. firom 

the National Space Biomedical Research histitute^ the Environmental 
10 Protection Agency (R825354-01-0)^ the Enyiromnental histitute of Houston, 
the Robert A. Wdch Foundation, and^^^^^^^t^^ of Houston/Shell 

Interdisciplinary Scholars Program. 

L Field of the Inveution: 

15 The present invention relates to the general field of biochemical assays 

and separations,^ and to apparatus for their practice, generally classified 
Patent Class 435. 

EL Descriptton of the Prior Art 



20 plasmid-based vaccines (e g., for influenza^ in V, and malaria) and 

therapeutics (e g., insulin and vascul^^ as the steady 

expamionofDNAsequmcing^ activities, (references^ I This invention 

embodies a rapid,^ scaleabk,^ nucleaserfi:ee (pre cost 




Mterest in nucleic acid purification has^ i^^ with human trials of 
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effective metiiod of nudeic acid pT^^ precipitation by 

compaction agents. 

Prior Art will include the following: 
5l. Parasranipiiria^D. and Himt^ A.^ (1998)^^ in gene therapy; 

part 1: vectors, Biopharm. 11:38-45. 

2. Anderson, E , (1998), Huma^^^ 392:25-30. 

3. Honi^NAu^ Meek^ JA^^ Budahazi^ G.^^ 1995. Cancer gene 
therapy using ptasniid DNA^^^ human clinical trials, 

10 Human Gene Therapy. 6:565-573. 

4. Gosuie^ L.C. and ScheUmaiL, J A., (1976)^ Compact ferm of DNA induced by 
spermidine. Nature. 259:333-335. 

5. Arscott, P:G.^H, A.Z., and Bloomfield, V. A (1990), Condensation of DNA 
by Mvalent cations. 1. Effects of DNA lei^^ on the size and 

15 sJiape of condensed partides Bi^^ 

6. Wilson, R.W. andBloomfieid, V. A, (1979), Counter-ion induced 
condensation of d«)xyribQnucieic acid. A light scattering study. Biochemistry. 
18:2192-2196. 

7. Bednar, J.^ Fun-er, P., Stasiak^ A , Duboc E.H., and Bates, 

20 AD., (1994), The twist, writhe and overall sl^ DNA change 

during couMerion-induced transition froni a loosel^^ interwound 
superhehx: possible impUcations for DNA structo in vivo. Journal of 
Molecular Biology. 235:825-847. 
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8. RoUand^ A., (1998X From genes to gene medicines: recent advances in 
nonviral gene delivery. Critical Review of Therapeutic Drug Carrier Systems. 
15:143-198. 

9. Hoopes3*C. andMcClure, W.R., (1^^^^ 

5 precipitation by spermine Nucleic Acids Research. 9:5493-5504. 
lO Sambrook^ J,^ Fritsch^ E^., and Maniati^^ T., (1989)^ Molecular cloning, a 
laboratory manual. Second edition^ Cold Spring Harbor Laboratory Press. 
1 l.Mom^ N.^ Marquet^ M.^ Meek, J , and Budahazt, G., (1996), Process for 
reducing BLNA coiicentration in^^ a mixture^o material using 

10 diatomaceous earth. Uriited States Patent. 5,576,196. 
12.I^v,Z.^ (1987)^ Aprocedure for l^qge-sc^^^ of RNA-firee plasmid 

and phage DNA mthoijt the use of RNAse. Analytical Biochemistry. 1 60:332- 
336. 

13 .Drevin^ L, Larsson^ L.^ and Johaiisson, B^ L performance of 

15 Q-Sepharose HP iri analytical- and prep Journal 
of Chromatography. 477:337-344. 
14.Hom et ai; US Patent 5,707,812^^ During Column 

Chronmtogt^hy, which is understood to teach addition of short chain 
polymeric alcohol to promote isolation of plasmid DNA. 
2ol5.Hubert, P., and Ddlacherie,^E., (198G),^^U^^ 

polymers for the purification of proteinLS^ Jonr^ 1 84, 

325-333. 

16.Irwin^ J.A., and Tipton^ K.F.^ (19 novel approach 

to protein purification. Essays in: Biochemistry, 29, 1 37- 1 56. 
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I J.Widom, J , and Baldwin^ R.L., (1983), Monomolecular condensation of X- 

DNA induced by Cobalt Hexammine, Biopolymers, 22, 1 595-1 620. 
18.Nunn^ C.S., andNeidle, S. 1996. The Mgb resolution crystal structure of tlie 

DNA decamer d(AGOCATGCCT). J. Mot Biol. 256:340-351 . 
5l9.Kieft, J.S. and Tinoco, I. 1997. Solution structure of a metal-binding site in the 

major groove of RNA complexed wtfli cobalt (111) hexammine. Structure. 

5(5):713-721. 

20.Pitulle, e., H^ienstiema^ andFox^ G.E. 1995. A novel approach for 
monitoring genetically engineered microorganisms by using artificial, stable 
10 RNAs. Apphed Environniental M 61(10): 3661-3666. 

21.Setterquist,^RA, Smitii,G.K.,Oakley,T.H., Lee, YJt, and Fox, G.E. 1996. 
Sequence, overproductiDn and purification of Vibrio proteolyticus ribosomal 
proteinLlS for in vitro and in vivo studies. Gene. 183(l-2):237-242. 

22,Yang, Y. and Fox,^ G.E. 1996. An Anjhaea SS rRNA analog is stablely 
15 QxpiGSs&i m Escherichia coH. Gene. 168: 81-85. 

23,Sioud„ M. and IMica, K. 1991. Prevention of himian immunodeficiency virus 
type 1 int^ra&e esqmession ittJEsc/imc/Ha Proc. Natl. 

Acad. Sci. USA 88:7303-7307. 

24. Couture, L. A. and Stinchcomb, D.T. 1996. Anti-g^ne therapy: tiie use of 
20 ribozymes to inhibit gene function. TIG. 12(12):510-514. 

25. Christofifersen^ and Marr J. J.^ (1995), Ribozymes as human th^apeutic 
agents^ Journal of Medicinal Chemistry, 38(12), 2023-2037. 
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26. Weiss, B,, Davidkova, G. and Zhou (1999), Antisense RNA gene 
therapy for stiKiying and Mol. Life Sciv, 
55, 334-358. 

27. Kumar, M. and Camiichael, (1998X Antiser^^ function and fate 
5 of duplex RNA in cells of Mgher eukBryotes-^ Mi^^ and Molecul ar 

Biology Reviews, 62(4), 1415-1434. 

28. Matthews, H.R., (1993),^ structure and transcription, 
BioEssays, 15(8), 561-566. 

29. Hedemstierna, K.Q^., Lee,H.Y.^^ G.E, (1993), A 

10 prototype stable RNA identification cassette for m plasmids of 

genetica% eiigineered microorganisms. System. Appl. Microbiol. 16, 280- 
286. 

30. Pitulle, C.^ Dsouza^ L.^ and Fox^ G.E 1997. A low molecular weight artificial 
RNA of unique size with multiple probe targ^ System. Appl. 

15 Microbiol. 20:133-136. 
31 UcMyama, S., IrnaniOT 1981. Separation of 

low molecular wdght RNA species by high-speed J. Biochem. 

90:643-648. 

32.Lee, K.M. and Marshall^ A.G. 1986. ffi separation 
20 and purification of ribosornM 5S and^^5 S-300 gel 

filtration chromatography . Preparatiw fiiochennstry 16 
33 . Hori, S. and Qhtani^ S 1990. Separation of high-molecular mass RNAs by 

hi^ -perforniance hquid chromatog^^ Joumal of 

Chromatography. 515:611-619. 
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34,Fair^ W.R.^ and Welmer, K, (1971 efiFect on 

urinaiy tra^t pathogen 21(1), 6-8 

35.Scopes^ (1993) Protein purificatioti: principles and practice, Springer- 
Verlag, 379 pages. 

536.Blackbxim^ G.M, and Gait, M.J., C1996). Nixcleic Acids in Chemistry and 
Biology ^^ Oxford University Press, pages 337-346. 

37. Saenger, W.^ (19881 Principles of Nucleic Acid Structe Springer- Verlag, 
pages 432-434. 

38. Ma, C, Sun, L., and Bloomfield, V.A., (1995), "Condensation of Plasmids 
10 Enhanced by Z-DNA Confonnation of d(CG^ Inserts", Biochemistry, vol. 

34(11), 3521-3528. 

39US,PateDt 5,622,822, to Tob 22, (Assigned 

Johnson & Johnson), Methods^^^fo^^ of nucleic 

acids using polyethyleneimine md an ani^ 

15 ampMcation of sarae teaches thatnudeic acids call be made available for 
amphfication or other treatment after lysis by the lysate v^th 

polyethyleneifnine to form: a precipitate The nucleic 

acids are Aen mleased from^ the precipitate strong base, and 

the released nucleic acids are kept in sol^^ ester 

20 surfactant. 

Prior Art as to the E^A inventions includes duphcatioii for 

convenience.]: 

4Q. Sambrook, J., Fritsdi, E.R,aad Maim cloning, a laboratory 

manual. Cold Spring Harbor Laboratory Press. 
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41. Hubert, P. and Dellacherie, E. (1980) Use of water-soluble biospecific polymers for 
the purification of proteins. J. Chromatogr. 184, 325-333. 

42. Irwin, J. A. and Tipton, K F. (1995) AfBnity precipitation: a novel approach to 
protein purification. S^s^o^ir^^^S^ 29, 137-156. 

43. Hoopes, B. C. and McClure, W. R. (1981) Studies on the selectivity of DNA 
precipitation by S5)ernaine. Mite/e^^ 9, 5493-5504. 

44. Gosule, L. C. and Schellman, J. A, (1976) Compact form of DNA induced by 
spemridine. JVa/tir^. 259, 333-335. 

45. Widom, J. and Baldwin, R. L. (1983) Monomolecular condensation of lamljda-DNA 
induced by cobalt hexamine. if/t?pa/Ki?K^r5^ 22, 1595-1620. 

46. Murphy, J. C, Wibbemneyer, J. A., Fox, G. E., and Willson, R. C. (1999) 
Purifeation of plasmid DNA usmg^ selective precipitatipn by compaction agents. 
Nature BiotechnoL 17, 822-823. 

47. Nimn, e. M. and Nddle, S. (1996 The high resolution crystal structm'e of the DNA 
decamer d(AGGCATGCCT).) J. MoL Biol 256, 340-351. 

48. Setterquist, R, A , Smith, G. K, G^ey, T. H , Lee, Y. H.,,andFox, G. E. (1996) 
Sequence, overproduction and purification of Vibrio proteolyticus ribosomal protein 
L18 for in vitro and in vivo studies^ Ge/?^. 183, 237-242. 
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49. Pitulle, C, Hedenstiema, K O., and Fox, G. (1995) A novel approach for 
monitoring^geiieticaUy engmeered microorgamsms lousing artificial, stable RNAs. 
ApplEmironMicrohiol 61, 3661-3666. 

50. IWe, e., DSouza, L., and Fox, & E. (1997) A low moleciaar weight artificial RNA 
of unique size with multiple probe target regions. Sys, Appl Microbiol 20, 133-136. 

51. Sioud, M. and Mica, K (1991) Prer^entioff of humair imoioajiodeficiettcy virus type 1 
integrase expression in Escherichia coli by a ribozyme. Proc, Natl Acad. Sci, U.S.A. 
88,7303-7307. 

52. Fak, W. R. and Wehner, N. (1971) Antibacterial action^ of spermine: effect on urinary 



IP 

Ui 10 tract pathogens. Appl Microbiol 21, 6-8 



53. Arscott, P; G., Li, A Z., andBloomfield, V. A. (199&) Qondensation of DNAby 
trivalent cations. 1. Effects of DNA length and topology on the size and shape of 
conctett^d particles. ^/6po/);/«^r5. 30, 619-630. 

54. Wilson, W. and Bloomfield, V. A. (1979) Counterion-mduced condensation of 
15 deo^grribonucleic acid, a scatternig^stttdy::B/c>c/?e^^ 18, 2192-2196. 

55. Kieft, J. S. and Tinoco, L, Jr. (1997) Sohition structure of a metal-binding site m 
the m^or groove of RNA conqrt^ed with cobahr(ffl>^^ Structure. 5, 713-72L 
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IL Problems Presented by Prior Art 

Most cuorejit methods of plasmid separatioa are relatively time-c^nsimimg and 
require the use of adsorbents, toxic substances, nucleases, and/or filtration 
media to separate plasmid from protein^ genomic P endotoxins and 
especially the abundant RNA present in cell lysates. 

This technique ofiEers several in^ortant improvements over current methods: 
no R3SFAse and/or oilier en requires no 

chronmtographic roedium^ and the t scaleable if larger 

quantities of plasmid DNA are needed. 

Ako^ with the me of different^^ c^ types of nucleic 

acids can be separated feoni the same mixture. The invention can separate 
diffierent t^Tpies of RNA and some secondary structure is 

present. 

M addition, RNA can be fractionated based^ o via selective 

precipitation. 

Different compaction agents also have different for different nucleic 

acids. Eor example hexan]mine cx>balt h^^ a hi^ier afSnity for RNA than the 
polyamine spermidine so multiple step selective precipitations have been 
developed to help separate nucleic acids as quickly as possible. 
The method canako be used for paratbd^purifi of a large number of 
samples (nmd-preps) and is readily adaptable (robotics). 
In^another embodiment^ the invention also provides a method for making a 
biochemical assay by hybridizing^ a labeled probe to a target (e.g. 
chromosomal DNA^ oHgonucleotides^ribosomal RNA, tRNA, plasmid. 
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aptamer, viral RNA), and thereafter precipitating complex 
with compaction agents. For example^ preparing a mixture containing 
phoromosomai DNA^ plasmid^ ribosomalRNA^^^^^m 

then heatings the mixture of nucleic acids above their melting temperature (if 
the hybridization site is bijried within secondaiy structure) and thereafter 
precipitating tiie probe and the target). 

In another embodiment^the invention also provides a method for separating a 
nucleic acid-binding pmteinr from a mixture contaitiing the protein and its 
nucleic acid bindingipartaer and other components^^ b^ predpitatitig tiie bound 
nucleic acid^ canying^the associated protein into the prec^^ from which it 
nmy optiona% be further purified. Forexample^ a selected protein might be 
isolated front cultured humajx ce^ containing both the protein and a DNA 
sequence to vvtech the protein binds^ by mal^ the cells and 

precipitaling the DNA, producing a precipitate erri in both the DNA 
target sequence and in the binding protein. 

Bioseparations^ especially separation of RNA from DNA or vice veiisa, are 
conventional accomphshed in bench scale or larger piM plants in vstoch a 
fermentation is carried out to produce cell mass then exposed 

to filtration and nucleases are used to reduce unwanted nucleic acid 
populations (e.g. the use of ribonuclease (TRNAse) in plasmid purification). 
Genera%^ afi]er lites^ioidal solution phase pu^ steps, the effluent 
products are finliier purified by chronm (e.g. anion- 

exchange or size-exclusion chroniatograpi^)^ samples being 

analyzed and results subjected to quaiily control feedback techniques. Such 
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procediwies cao-take a day or more for a si^^ or batch on a single 
mixture^ assumingifhe^^o etc. The present 

invention peiinits te a single set-up, 

ofteninless time tharrrequired&r^a^ by conventional 

methods. Fiulher^ when pimAt the invention 

can sharply rediice the prodnction costs (^^ of pijrified DNA 

product produced). 

hi addition^ the lahete±probe precrptt^ a new method 

for hybridization ass^s^^^x^Aout ther use of or the use of 

soM supports. Usir^ a tagged probe (e.g. 

ftuoresceinated^ radioactive^ tagg^; e^^^^ containing its 

target a doubte stranded nuxdeiaacjid^^i 

cmbe selectiveLy pmdpitated will be left in 

solution. 

M addition^ thoe nuclei^^ 

a new me1lK>d of identifying^ and/or separating ni^ acid-binding proteins 
froni cells expressing them^ Usingic^ these proteins 

can be selectrv^ely pmcqjitated away fi^^ producing a 

significant degtiee of selective enridinieait without the need to prepare costly 
affinity adsorbent matrices. 

Sunmiarizing^ prefenred embodiments include^^ the assay, the protein 
purification, and selectivily for DNA precipitation oyer RNA, isolation of 
RJSfA by first precipitating^BNA^ then sep RNA in a 

second step^ and isolation of EQnIA by ^fi^^ then separately 
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fractionatii2g:(predpiMing)^^^^ second step, finally 

predpitating low molecular wei^^ step. 

Summaiy of the Inventioii 

5 

General Statement of the Invention 

According^to th^e imrentionu, m DNA, preferably 

plasmidDMAlsrearfiiypiirifiej^ preferably 
by additLoai otcompactionagm^^ method for the 

10 hqiM-phase separation of Dlst^ RNA may also be recovered by 

fracttonatprecipitationiaccQrding to the invention. 

We have discovemdJbatRNA^conir^^ in DNA 

preparations^ canibedrftm soiuti^ plasmid DNA is 

directly precipitated; 

15 Additional aspects of tiffi^^ i^ 

and chromosQnial DNA_to obtains sequenceable m digestible DNA 
in hi^yiddsict multiple sio^dt^ procediires. 

Stillfiarter asp&ctsidisdose enhanced stD^ agent by a 

strippingineltod cxnr^ combinations 
20 of these techmques. 

Also^ disdosed k a method^o^ is precipitated 
when it is hybridized to a 1argd:^ (e^ chromosomal DNA, oligonucleotides, 

ribosonial RNA^ tEtNA)^and l±te^ complex 
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with compaction agents and leaving in solution any unhybridized probe. For 
example, chromosomal DNA, plasmid, ribosomal RNA, and oligonucleotides 
can be recovered in excellent purity; by then heating the mixture of nucleic 
acids and probe (above their melting temperature if the hybridization site is 
buried Avithin secondary structure) and thereafter precipitating the probe and 
the target^ whereby the target can be detected. 

Further disclosed is^^ a method for produciog^a cell lysate, 

us^&jl as a starting point for further pxnffi^ by removal of 

nucleic! acids through compaction precipitation. 

Each of these parametqrs is discussed below: 

A new methodfor DNA separation has been developed using selective 
precipitation withisniaE-molecaile^^m as spermine and 

spemiidine^ vdiictbind^^^^^ grooves of a double-stc&nded DNA molecule. 
Compaction precipitation uses compaction agents tx) neutralize the highly 
charged phosphate backbone of nucleic acids^^^^^^^ stabilize intermolecular 
interactions leading^txi predpitation^^ been 
deniomtrated to s^arate double-stranded plasm RNA, protein 

and other contaminants in solution^ Using:^ we have 

also devdoped aiLimpmved minirpa^ep pmcedure pai^ of producing 
sequencing-grade plasmid l>^^ The prndprtatiort of nucleic acids from 
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lysates can also be applied to the clarification of protein lysates before any 
subsequent chromatography is done. 

In addition^ a compaction agent-based selective precipitation of RNA from 
clarified lysates of bacteria, fungi; or metazDanc^^^ and/or mixtures of 
5 biomolecules has been developed. The use of selective precipitation with 
compaction agents and anion-exchange chromatography have been shown to 
effectively separate the ribosomalRNA's froni each other and 5S rRNA from 
tRNA. Compaction agent-based separation of RNA produces either a total 
rg RNA mixture or a high molecular wei^ RNA fraction with Httle 

i p 10 contanmiatmg protein or DNA. Anion-exchange chromatography can then be 
1=* used to separate the diflfeent TO bacterial RNA 

p sample. Also^ using compaction precipitation and labeled oligonucleotide 

y . ■ 

probes, a hybridization assay has been developed for usp in a wide variety of 

i| ^plications, including e g. environroental monitoring, quality control of 

III ■ ■ . . ■ ' 

15 nucleic acids, medical diagnostics^ and u^ 

^-^i ■ 

Still another embodimeot comprises isolating nucleic acid-binding proteins by 
coprecipitating tbem with the nucleic acids to which they bind. This method 
can be used in purification and identification of regulatorj^ proteins, histones, 
20 and aptamers, for example. 



Cell Mass: The startingmaterial is often a mass of cells prepared by 
fermentation or cell culture, isolated from the environment, or derived from 
tissues. The ceUs are then disrupted so the nucleic acids go into solution. 
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foiming a lysate. The lysate theii optiomlly unde^^ alkaline lysis or 
other process to form a clarified lysate. The preferred fged to the compaction 
precipitation step is a clarified lysate or synthetic mi^rture: A variety of cell 
types can be used as feed for this whole process^ with bacterial, yeast, other 
5 eiikaryotic^ Gram-negatiye and Gram-positive being preferred and Gram- 
negativQ being most preferred. 



Producfc The product of the invention can be purified f)NA, RNA or nucleic 
13 acid-binding proteins^ preferably I3NA, andmost preferably plasmid DNA, 

ill 10 e.g. as used in preparation of influenza or oth^ Alternative 
|i preferred product is RNA, preferably ribosomal RNA^ ribozymes, aptamers, 

111 artificial "RNA^ and any other RNA based molecule, 

li Particuiariy preferred is RNAse-fi:Be^ p having a quantity of nucleases 

,p below current limits of detection aiidA^r low endotoxin contamination !n 

111 

,p 15 other enibodirajentS:^ the product can be a bio 

t2 in Examples 13 and 16, 

In general, the selective precipitation of the invention can be applied to all 
bacteria (Gram-'negative, Gram-positive and ArchaeaX all eukaryotes (such as 
yeast and human ceUs)^ recombinant cells, and all synthetic nucleic acids, 
20 Theinvention can separate YAC's (yeast artificial chromosomes). YACs are 
very large plasmids in yeasty used in sequencing projects . The invention can 
also be appKed to the production of cosraids and bacterial artificial 
chromosomes(basically very large plasmids in general), artificial 
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chromosomes, and phage and other viral DNA, and the detection of protein- 
nucleic acid binding and viruses. 

Compactioii Ag/mtsi The compaction agents are preferably small, cationic 
5 molecules, vvhich bind in either the major or minor grooves of a double- 

stended RNA or DNAmolecule, reducing tiie volume occupied by the nucleic 
acid. Figure 1 shows the structures of some commoti compaction agents). 
Some compaction agentsfimction m vzVo to package genomic DNA into 
;^ sperm (see reference 7)^ and cart also serve a similar function in the delivery of 

10 UNA pharmaceuticdSv (See reference 8). 

3% 

^ Coropaction of DMA involves charge neiitralizaticp in corabinati^^ with 

if" stabilization of iQter-heliK interactions. The compactton agent binds in either 

J themajor or roinor groove, in proxiniity to the negatively charged phosphate 

III 

3 15 groins. Precipitation occurs wdien adyaco^ helices are affected 
j'T simultaneously,^ with the compaction agent not only reducing the helix-helix 

repidsion but also brid^ng^the heti^ this phenomenon in 

1981 (see ref^ence 9) but i4>on further discovered that 

RNA is far less readily precipitated by certain compaction agents, preferably 
20 liaearpolyaminetype cornpactionag^ 

selectively precipitated and even^frac^bnatedu compaction 
agents^ most preferably^ hexarmnina cobalt as t^^^ agent and/or 

v^thout substantiaTprecipitation of contarnmatm^ endotoxins. 
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In general, there will be added about 0.1 to 20^ more preferably about 0.2 to 
1 5 and most preferably about 0.3 to 5 mM of a compaction agent, preferably 
selected from the group consisting of : basic polypeptides (e.g. polylysine), 
polyamines (e g. protamine, spermidine, spermine, pulrescine, cadaverine, 
5 etc.), trivaient and tetravatentmetal ions (e,g, hexammine cobalt, 

cMoropentarmnine cobalt, cto^ormum (IH)), netropsin^ distamycin, lexitropans, 
DAPI(4',6 diamino 2-phenylindol), berenil^ peiitaraidine, manganese 
chloride.) At present knowledge, the moieties in pare^ will be more 
f;;3 preferred, but any other molecule that can be used to compact DNA via the 

I J 10 mechanism described above can be used aca)rditig to the product to be 
P produced and the cell mass available. 

I. s 

'Ml 
i|l 

w 

I Many other agents may be considered compaction agents and these include: 

J basic polypeptides (i.e.polylysine),^ polyani^ spermidine, 

% 15 spennine, cadaverine, etc^, trivaient and tetravalent metal ions (i.e. 
i2 hexammine cobalt, chloropentammine cobalt,, chromium (III)), netropsin, 

distamycin, lexitropans, DAPI (4' ^ 6 diamino 2-phenyUndol), berenil, 
pentamidine, manganese chloride, or any other molecule tiiat can be used to 
compact DNA via the mechanisiii described above (see referenc^^^^ 1-7, 9,17- 
20 19, 36,37,3 8). Also any protein having multiple binding domains for nucleic 
acids can potentially, for large complexes, result ill the pr^^^ of nucleic 

acids. 
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For the separation of plasmid DNA, genomic DNA^ and other large double- 
stranded nucleic acids, the most preferred compaction agent is spermidine. It 
has a relatively low afSnity for RNA (as determm light scattering 
monitored condensation curves showa in Figures 1 1-13.) yet has a high 
afifinity for plasmid and other linear double-stranded DNA molecules. 

For the separation of RNA the most preferred compaction agent is hexammine 
cobalt. 11 has a relatively M^^R^ a manner where 

it can be removed (striqpped) from thc^R^ degradation to 

the RNA and relatively quickly. 

For a total nucleic acid precipitatioa spermidine is tiie most preferred 
compactiorL agent because it has a relatively similar afiitiity for RNA, plasmid 
DNA and other nucleic acid molecules with some secondary structure. This is 
usefiil^ for ejmmple, when removing^r^ a protein lysate. 

Prefen-ed eompaction Agent Selectivities 

Li^ scattering-monitored condemation curves for plasmid DNA, 
salmon spemi DNA and total Fi&rza proteofyticus RNA are shown in Figures 
11 -13. Spennidine has Mgh potency for the conden^^ of plasmid DNA 
and chromosomal DNA but not RNA, hexammine cobalt has a relatively 
broad scattering curve for totd ELNA, suggesti^ possibility of 
fractionation^ and sperrrdne has a hi^ potency for nucleic acids. 
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These scattering ciirves were used as tlie basis of a midti-step selective 
precipitation protocol for RNA in which plasmid DNA and chromosomal 
DNA are removed with an initial spermidine precipitation, RNA is 
precipitated or fractionated with a hexammine cobalt precipitation, and small 
5 RNAs (<500 bases) can be precipitated at increased hexammine cobalt 
concentration. 

To quantify more subtle differences in precipitation potency, we define 
a plasmid DNA/RNA selectivity ratio as the diarge equivalents of compaction 
□ agents needed Id condense plasniid DNA (to 9^ of maximum observed 

iri 10 sigoal) divided by the charge equivaler^ 

j i* condense total ELMA to the same degree. Hexammine cobalt has a selectivity 

V ii ■ 

j|l ratio of 0.34, which is lower than that of spenrdne (0.83) and both, however, 

fij" 

,j are significantLy higher thati that &r spemiine (taken to be zero as spermidine 

3 does not precipitate RNA up to 700 charge equivalents). The gradually rising 

15 condensation curve of hexamniine cobalt (Figure 13) indicates the ability to 
fractionate totaL RNA by changing hexanm^ so it was 

used even thouj^ spermidirie In addition, since 

hexMmnine cobalt has a +3 charge instead of tiie +4 charge of spermine, 
hexammine oobalt is easier to remove from the nucleic acids after precipitation 
20 has occurred. 

Condensation Experiments: 

Condensation curves were used to determine selectivities of compaction 
agents for different nucleic acids. A SPEX Fluorolog-2 Fluorometer was used 
25 with L-format excitation and emission wavelengths set to 500 nm. To 3 mL of 
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10 ]ig/mL nucleic aci4 compaction agents were added with constant stirring in 
a series of aliquots at 210-second intervals until scattering intensity was 
constant, 

5 Compaction Agent Selectivities: 



The action of compaction agents on nucleic acids has previously been 
characterized using light scatterings FTIR difference spectroscopy, and NMR 
□ (Arscott et al, 1990; Wilson and Bloonifield,^ t^^ 

m 10 used extensively in NMR studies because of its high number of identical 

.p 

1.1, protons. It can be used to induce a B to Z transition in nucleic acids (Reich et 

m a/., 1994);(KieftaiidTmoco, Jr., 1997). 

m 

a Light scattermg-moiiitored condensatiott curves for plasmid DNA, 

'•'.ml 

, p salmon sperm DISL^ and t^ Vibrio proteolyticus RNA (purified by a 2 mM 

p 15 hexannnine cobalt precipitation) ar^^ Spermidine has 

high potency for the condensation of plasmid 0NA and chromosomal DNA 
but not RNA. Hexamrnine cobalt has a relatively broad scattering curve for 
condensation of RNA Fitia%, spermine has a high potency for precipitation 
of all three nucleic acids. These scattering curves are used to design a multi- 
20 step selective precipitation protocol for RNA in which plasmid DNA and 

chromosomal DNA are removed with an initial spermidine precipitation, RNA 
is precipitated or fractionated with a he^^mrnine cobalt precipitation, and 
small RNAs (<500 bases) can be precipitated at iocreaised hexammine cobalt 
concentration. 
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To quantify more subtle differences in precipitation potency, we define 
a plasmid DNA/RNA selectiidly ratio as the charge equivalents of compaction 
agents needed to condense plasmid DNA (to 95% of maximum observed 
signal) divided by the charge equivalents of compaction agent needed to 
5 condense total RNA to the same degree. Hexamniine cobalt has a selectivity 
ratio of 0.34, which is lower than that of spermine (0. 83) and both, however, 
are significantly higher than that for spermidine (taken to be zero as 
spermidine does not precipitate EtNA up to 700 chsirge equivalents). The 
Q gradua% rising condensation curve of hexammine cobalt (Figure 13,) 

J 10 indicates the feasibility of fractionatiott of total RNA by changing hexammine 

m 

y, cobalt concentrationso it was med ev^en though Spermidine has a high afiSnity 

7,,, ii 

for RNA. In addition, since hexamnune cobal^^ a +3 charge instead of the 
i: ' +4 charge of spermine^ hexamrnine cobalt is easiea: to remove fix>m the nucleic 

3 acids after precipitation has occurred. 

g 15 These sdectivity experiments showv^ sperntidi^ many cases, a more 
p useful DNA afiSnity precipitant then other commercially available compaction 

agents. Spermidine v*ill not precipitate stnictured RNA least up to the 
level of 700 charge equivalents) because of the spread out +3 charge of the 
cation which leads to its relative impotency with RNA, and thus we have 
20 found that spermidine can be used to purify DNA without fijrther digestion 
with nucleases (specifically RNAse). 
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Other Reagents: 

Fluorescein Dyes: These include aH fluorometric and colorimet^^ dyes. 
Examples of fluorometric dyes are Texas Red, and others well-known to the 
literature. In the assay application^ we prefer probes labeled with 
fluorescein and otiier fluorescent dyes^ or with enzymes which 
can be sensitively detected by adding chromogenic, fluorogenic, or 
cheniilurriinescent substrates. Fluorescent dyes are especially 
preferred, such as fluorescein. Enzymes compatible with 
chemiluminesc^t detection are also especially preferred, such as 
peroxidase and alkaline phosphatase. 

Lyi^s solutioiu Examples inchide: alkaline lysis solutions, 
lysozyme containing solution, etc. 

ResuspensiDn solutionr A low ionic strength solution for 
resuspension of a nucleic acid precipitate before performing 
compaction precipitationu For example, 10 rriM Tris HCl at ph 8.0. 
Compaction agent solution: A solution containing the 
appropriate concentration of a compaction agent to perform a 
precipitation (selective or non-selective based on application). 

Stripping solution: A solution or combination of solutions 

used to remove compaction agents from compaction precipitated DNA. 

The most preferred solution for this contains 50% EtOH, 300 mM NaCl, 
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and 10 mM EDTA. The important cx)ncepts here are the alcohol that 
causes the plasmid to stay precipitated (PEG 8000 can also be used 
here) . Also the sodium chloride is used to procide a high ionic 
strengthsolution to remove the spermiditie from the backbone. 
5 Alternatives to NaCL are KCl^ MgCli^, or any other salt that raises 
ionic strength. EDTA is used as a chelating agent that binds free 
metals and compaction agents in solution, Altemates include EGTA, 
etc. EDTA (ETHYLENEDIAMrNETET possible 
i;3 chelating agents include: 

5 10 Nitrilotriaceticacid,NTA:N(CmCOC^ 
U Hydroxyethylethyleoediamiiietriacetic acid, IIEDTA:=2G 

01 (HO(XMicymcmcHm(cmcooii)(cmcmoia^ 

ill 

,1 Diethylenetrianiineqpentaacetic acid, DTPA:=20 

I (HOOCme)2NemC3i2N(MCmCGOH)CmCH2N(CH2eOOH)2 

sia {i ■ 

J 15 1,2-DiamiDQprapanetBtraacetic acid, 1,2-PDTA 

u pQOcme)2Naa(emx^H2N(a32cooH)^ 

1,3-Diaminopropanetetraacetic acid, 1,3-PDTA: 
(HOOCH2C)2NCH2CH2CH2N(CH2COOH)2 
2,2=B4-E11iylenedioQq?bisEethy]iminodi(acetic acid)] , EGTA:=20 
20 (HOOCme)2NCH2CH20CH2eH2QCH2CH2N(eH2COOH)2 
Bis(carboxynietliyl)diaza-l 8-crowti-6, 

(Hoocme)N(cmcmoememocH2CH2)2N(CH2cooH) 

1 4 0-bis(2-pyridylmelyl)- l,4,7^1G-tetraaza4ecane, BPTETA:=20 
(C6H4N)CH2NHCH2CH2fflCmCH2tffiCmCH2]^ 
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and all Other similar chelating agents 

Also^ combinations of the above components, for example omitting the EDTA 
or other chelating agent from the stripping solution. Jn addition, the solution 
can be broken into components and then added step-^^dse as multiple 
sohitions. For example^ a hi^ ionic strength solution possibly with a 
chelating agent can be added to the pellet then an alcohol solution or PEG 
containing solutioncould be used to then precipitate and desalt the 
sohition by precipitating the nucleic acids so the salt containing 
supernatant can be poured off. 

Mnat resiispensioiL solution: ^T^^ preferably lOmM Tris HCl with 1 mM 
EDTA at pH 8.0 (TE). It can be any solution in^ which the user desires 
to resuspend the purified nucleic acid. 

RNA lysis soliilioiis; These incltide nonionic detergents Brij 58, Brij 99, 
etc. and also commercial mixtures of nonionic detergents such as BPER 
from Pierce and Bugbuster from Movagen. The lysis solution can be 
used separately from or corobine agerit solution to 

precipitate unwanted DNA The second compaction agent solution is at 
an appropriate concentration to precipitate RNA. The stripping 
solution can be the same as in Example 26^ except that 6 M urea (or an 
equivalent denaturation solution) can preferably be included. 
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Lysine Agents: Lysing agents, preferably detergents, more preferably 
nonionic detergents, are used to break down cell membranes, thus releasing 
DNA, RNA, and proteins ftom the cells. The most preferred lysing agent for 
plasmid DNA is the alkaline lysis detailed in Example J . The most preferred 
lysing agent for RNA is Bacterial Protein Extraction Reagent (BPER) vdnch 
has an unknown composition (it is a proprietaiy mixture of nonionic detergents 
marketed by the Pierce Chemical Company), but other nonionic detergents are 
useful and many detergents are operable, even some anionic and cationic 
detergents under certairL applications. We have found that the nonionic 
detergent brij 58 is a useful alternative to BPER. The nonionic detergent 
lysing agents win generally be added to the ceil mass in a concentration of 
about 0.1 to 5, more preferably 0.5 to 2 wt%. Other known lysing agents can 
also be used with tihe technology such as freeze/thawing, French cell press, 
enzymes,^microfUjidization, sonication, etc. 

Nucleases: One of the main advantages of the compaction precipitation 
technology is that it circumvents the need to use nucleases, proteases or 
carbohydrases. Selective precipitation directly harvests nucleic acids and the 
target nucleic acid of a precipitation can be changed by changing conditions 
(i.e. type of compaction agent, quantity of compaction agent, concentration of 
salts, etc.) Because of this selectivity other large bionjolecular contaminants 
such as proteiQS, urLwanted nucleic acids, carbohydrates,^ etc. do not have to be 
degraded by enzymes. Thus the use of RNAse, DNAse, proteases, and otiier 
enzymes is unnecessary. 
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pH: All Examples are carried out at a pH between to keep nucleic acid 
degradation to aminimum^ though other pHs may be preferred in certain 
cases. The compaction agents can be affected by extreme pH. In fact, we 
have found that pH change (e g. , shifting the pH past the pKa of the amine 
groups in polyamines, so that they lose their positive charge and do not bind 
nucleic acids strongly is one of the ways to separate nucleic acids from the 
compaction agents themselves.) 

Ionic Strei^h: High ionic strength can ne^te the effects of compaction 
agents. The preferred niaxirnum ionic strengthfor^c^ precipitation is 

250 roM NaCl when plasrnid is precipitated in 10 mM spermine. More 
preferred ionic strength before compaction agent addition is about 0-50 mM, 
more preferably 1 to 20 mM but those ^dlled in the art will adjust the ionic 
strength to best suit the particular lysate and compaction agents being 
employed. Changingiorric strength is an easy way to separate the compaction 
agents from tihe nucleic acids, because in the presence of a high ionic strength 
solution the compaction agents are displaced from the nucleic acid backbone. 

Hybiidiziiig: To hybridize means to bind to its complementary sequence in 
the target If the probe used in a bioassay includes a sequence 5'-AAGC-3'; 
itshybiidizing complementary sequence will be 5'-GCTT-3\ This is 
important because this test can be run as a valuable quality control measure on 
oligonucleotides and other synthetic nucleic acids^ or used for detection of 
particular nucleic acid sequences and/or vinjses in cells or tissues. 



Docket G09MUS 



26 



9f 09/609,996 ffled 07/03/2000& 60/143,768^J| ( 

rI[0Ik)SO; Customer No. 026830 



009MUS20010418; CEP of 09/609,996 ffled 07/03/2000& 60/143,768^B 07/12/1999 Atty 

Richard Coale Willson Jr. 



Batch or Continuoiis Conditioiis: The invention can be performed in 
commercially available equipment under batch or, less preferably, continuous 
flow stream, conditions; at elevated, reduced or atrapspheric pressure and 
temperature, but atmospheric pressure and near ambient temperatures will be 
5 preferred for most applications. 

Most targe-scale bioseparations are done in batch because of the need to grow 
cells and the difficulty of maintaining a steady flow of cells from a chemostat, 
dso the preparation will preferably be conducted^ u^ degrees C and 
Q more preferably under 25^C, 

il 10 Descriptioir of Exemplary Kits, 

The kits for practice of the methods of the invention preferably have somewhat 
different forms depending on their intended function. 




Plasinid DNA Mini-prep Mt: 

These kits will prefembly include a set of three commoii alkaline lysis buffers 
as described in the Qiagen product manual and in ^ I, II, 

and in (25 mM Tris HCl with 10 mM EOT 1% SDS and 0.2 N 

NaOH^ and 3 M potassium acetate at pH 5.5 respectively), a resuspension 
solution (10 niM Tris HQ at pH 8.0), a compaction agent-containing solution 
20 (<: 23 mM spermidine trihydrochloride (from Sigma Chemical Co., product 
number 233994), a stripping solution (300 roM NaCl with 10 mM EDTA in 
50% ethanol)^ and a final resuspension solution (preferably TE which is 10 
mM Tris with 1 mMEErTA at pH 8.0 The resuspension and compaction 
agent solutions may be combined so that the IPA pell^^^^ lysis solution 



Docket 0093VltJS 



27 



009MUS20010418; OP of 1|B|T 09/609,996 filed 07/03/2000& 60/143,768^fc Atty 
Richard Coale Willson Jr. Rl|Pro80; Customer No. 026830 



can be directiy resuspended in a impaction agent containing solution such 
that the RNA and other contaminants are extracted from the pellet without 
fully resuspending the EPA pellet. Also, centtifiige tubes or microfuge-based 
spin fihers may also be included. 

The kits will be packaged in plastic bottles and solution volumes will vary 
based on the amount of mini-preps for v^teih the kit is rated. Also, cenhifiige 
based spin filters can also be used in the separation. These can take advantage 
of the predpitates forrcting particles large tiian the pore size of commonly 
avaikble microfiige base centrifuge spin filters. One model spin filter that 
works for tiiis apphcation is a MiUipore Durapore centrifuge filter with a G.45 
mm pore size (Millipore corporation, catatog nijmberufc 0hv25. In 
addition, filters can be used that have a packed steel wool, cellulose or 
polymery^astic material in a centrifiige or larger filter. Packed filters would 
not only be cost eflFective but may also work more efBciently for this 
apphcation (they will not plug as easily). 
Also, the lysis can be perfismied by a single solution lysis using 
lysozyme,^ a non-ionrc detergent or other lysis means. Then the kit would 
comprise one bottle of lysis solution, one bottle of compaction agent solution 
(e.g. 2.9mM spermidine in 10 mM Tris at pH 8 .0), one bottie of stripping 
solution (e.g 50 % EtOH with 300 mM NaCl, and 12:5 mM EDTA), a wash 
solution (namely 70% EtOR could be used or called for) and a final buffer for 
resuspension (usually TE at plL 8.0). Also, dqiending on the kit, other 
materials such as spinfilters or centrifuge tubes couW be included in this kit. 
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Large-scale Plasmid Prep kit: 

This kit will include the same^^^ quantity. Also, a 

vacuum based filtration setup can be used instead of centrifuge-based 
columns . (This is also a possibility with the small scate kits if a vacuum 
manifold or other vacuuncL system is employed). 

RNA mini-prep kit: 

The IINA mini-prep Mt will typica%^^^ solution of (preferably) 

nonionic detergent (e.g. bacterial protein extraction reatgent (e.g. from Pierce 
Chemical at a2X dilution)^ a 1% solution of the non ionic detergent Brij 58, or 
any other lysis solution that wih work^m^ novel amount of 

compaction agent (e.g^2^ nil^ spermidine buffered in 1 0 mM bis tris propane 
at pH 6.9). This solution can be usedt^ (or other type of 

cell) and precipitate any DNA (usiag the spermidine^ in one step.) Then a 
solution of hexammine cobalt (or possib^ agent) wdll be 

used in a se<x>nd ELMA specific precipitati solution, a wash 

buffer^ md a final resuspension solution rriay^^ Also, as 

with the plasrmd i>NA n^ can also be 

used in the separatiom These carrtake advantage oTthe precipitates forming 
particles large thanithe pore size of commonly available microfiige base 
centrifiige spin filters If the Mti^^^ filters 
can be inchided per prq) . K a second hexam 

capture small RNA fragments^ an^ additiond^^^ column may 

be included. 
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Filter Media: 

A preferred material for these spm is 0.45 pmpore 

size cellulose acetate merabrarte (e g. Cor^ (we use 200 mL 

units but a wide variely of sizes are available)^ 0.45 jun cellulose acetate, 
model number 25933-200) since the material has an nei^igible afiSn^ 
biomolecuLes (speci£Lca% nucleic acids) and since it is a readily-available 
filter material. Ceramic filters can also be used. a filter aid, such as a 
diatomaceous earth or similar compound^^ niay also be^used to the same end. 
For larger scale applications,^ a tangential-flow^ fi^^ 

Chromosomal DNA kit 

Another possible kit based on co^^^^ for the separation of 

genornic DNA fix)m both eukarj^tes and^^^^^ The preferred lysis 

method is using lyso2yme, protease with some EDT A and nonionic 
detergents to aid in the destructioa^ addition, other 

lysis techniques may be usefbl witii this technique^^tf genomic 
DMA isreleased duringthe murse of the pro^p^ Next, anIPA 
precipitation canL be done to desalt the solution and^t a compaction 
precipitation using a resuspension solution (10 niM T^ at pH 8.0), a 
compaction agent-contaiiiingsolutiorL(< 2.9 mM spennidine trihydrochloride 
(fi-om Signia^eheniicai Co.,_product number 233^ solution (300 
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mM NaCl with 10 mM EDTA in 50% ethanol), and a final resuspension 
solution (preferably TE which is 10 mM Tris with 1 mM EDTA at pH 8.0). 

H. utility of the Inventioii 

The present invention is useful in the separation of DNA from RNA and vice 
versa. With numerous gene therapy products entering^ clinical trials, new and 
innovative strategies are needed to produce pure plasmid DNA. 
In addition, with the advances in gene chips in which DNA is attached to a 
small piece of glass (so that one chip can have over 1 million nucleic acid 
probes and can be used to test for disease) and genetic diagnostics, 
environmental monitoring, ribo2yme research^ aixd aptamers, improved 
separation processes for nucleic acid molecides are in demand. 
The separation of RNA from bacterial cells is conventionally achieved by 
phenol/chloroform extraction and polyaaylamide gel electrophoresis. 
However, this conventional use of organic solvents and polyacrylamide (a 
neurotoxin) creates ha2ardoua waste^ and thia approach^is not easily scaleable 
for medium to large-scale production of RNA. 

S elective precipitation by use of compaction agents according to the present 
invention provides lower cost^ more effective, and fester separation than the 
conventioiiai methods of plasniid production. (See refiarences 10 and 14) An 
added unexpected advantage of the selective precipitation of the invention is 
that it also contributes to improvedperformance of subsequent 
chronmtographic colurnns used &r fu^^ and purification. 
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Of considerable value in production of pharmaceuticals^ the invention permits 
the precipitation of plasmid DNA containing less than 0.1 Units endotoxin per 
microgram plasmid DNA (EU/|ig or IE/p,g). The kits described are exemplary 
of kits M^ch can substantially ease and speed the separations and tests of the 
invention. 

Additionally^ various types of DN A and RN A can be separated. Using 
3 .5 mM he?ianmiine cobalt^ total RN^ from a 

cell lysate and at a concentration of 2 mM hexammiae cobalt, rRNA can be 
fractionated from low molecular weight tRNA and mRNA. The resulting 
RNA mi?dxire vras readily resolved to^ 5S and mixed 16S/23S rRNA by 
nondenaturing anion-exchange chromatography. Using a second stage of 
precipitBtion at 7.1 niM hexaniniine cobalt^ ti^ RNA weight 

fraction cart be isolated by precipitation. Compaction precipitation is also 
apphed to the purification of an artificial stable RNA derived from 
Escherichia colt 5S rRNA ^d to isolation of bh Escherichia coli expressed 
ribozyme. 
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Fi^we 1 is a schematic diagram of preferred stractii^ of common 
compaction ^ents 

Sigiire 2 sw^s schmmticaiLy the precipitatiQn by spermidine of 40 
M^g/niL pBGS191iix^or Bake^^^ buffer at pH 8.0 

\OTth and \?vitiioiit 600 i^/[ NaCL (Error b^^^^ one standard deviation.) 

Figure 3; Depicts a agarose gel tracing^the Igrge-scale purification 
of pBGS191ijxwtplasmid BNA^ Lane 1 is a si^ercoiled plasmid ladder from 
Gibco; Lane 2 is the preparatidn^er Cel^^^ isopropanol 
predpitation^ and resuspemton; Larae after LiCl 

precipitation^ Lane 4 is the stipeoiatam of the compact by 2.9 

mM spermidine HQ;: Lane 5 is the res^ compaction 
precipitation after strippii]g of s^eonidin^ 10 mM MgC12, 

and 25 mM EDTA in 50% isopropanol; Lam 6 i§ a IDX loading of the 
material in Lmie 5 (The traces of geiK)n^ can be removed 

by further optimization of the Mtial^^^fy^^ steps); Lane 7 is 

after a Q Sepharose anion-exchang£L cohmm (^^ bottom. Peak 5); 

Lane & is a lOXloading^of Lane 7 and Lane 9 is t as Lane 1 . 

Figure 4. Shows the chromatogc^ FPLC System 

usinga HP Q Sepharose anton-exchange^^ of an 

^kaline ljnsate after isopropanol and LiCl precipitation and Wional 
impaction predpitatiom Top: NaCl gradient; Middle: witii rio previous 
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compactioiiprecipitatiorL step; Bottom: identical separation after a compaction 
predpitation s volume of 2.9 mM spermidine in 10 mM Tris HCl at pH 
8.0; seesexample 1). A Spectrum chromatography colunm (2.5 cm x 60 cm) 
packed v™i 150 mL Q Sepharose high- performance media and equilibrated in 
10 colunm vofames of TE with 570 mMNaCt is used. Loading and elution are 
performed at a m^ar velocity of 90 cm/hr. 

Figure 5 show^chemHticaily the process steps for separation of DNA 
a& disclosed in ExampleV 

Kgui^ 6. idiows a 3% m Inc.) electrophoretic 

analysis of K proteofyticus RNAm^ 9. Lane 1 is the 

AnibionRNAGeritury^M^ after BPER 

addition^ sperniidine addition^ and cem^ is the supematant of 

tiie 4 niM hescammine cobalt precipitatiW 4 is the RNA pelleted in 

the hexanimine cobalt precipitatiort but b^^^ any column separation. 

Figure 7. shows a EPLC chrornatograrn^f /^ro/^^o/^^^ RNA on a 
25 mL high performance Q Sepharose anion excWige column (Pharmacia), 
The gradient ran over 12 colunm volumes frorn 0^.3^ 0.57 M NaCl 

in a column buJfe of IQ niM bis-trisprQp^^ atpH 6,9, 

(see Example 9) \ 
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•e 8 shows aFPLC chromatogram of pCP3X3 aRNA-contairdng 
E, coli straiit JM1()9 on a 25 mL high peifomiatice Q Sepharose anion- 
exchange colimm (Pharm^cm^^ The gradient is run over 1 2 column volumes 
from 37 MMaOl to .57 MNaClm^ bis-tris propane 

and 2QraM EDlA^t pH 6.9. (see Example 10) 

Figure 9 shorn VfPLC chromatogcam of selective precipitation 
purified p riboz>me on a 45 rriL Mghpe^ Q Sepharose anion 

exchange coliinm(Pharqiacm^ The gradient is run over 12 column volumes 
from .37 MNaCl to .7 M NaOl in a column buffer of 1 0 mM bis-tris propane 
and 2 mM EDTA at pH 6.9. (s^^^^ 

Figure 10^^ schemati^iy a kit for conyenient practice of the 
inv^tion. \ 

Figure 11-13 Show light scattering; - monitored compaction 
precipitations at 2Q^C of 10 p^g/mL nucleic acid in IQ mM bis tris propane 
buffer at pH 7,0. Fig. 11 (Top): plasmid DNA (pCMV sport p gal) with 
various coropaction agents^ Eig^ 12: (MiiM^^ salmon sperm DNA witii various 
compaction agents^ Fig 13: (Bottom) B&no proteolyticm total RNA with 
various compaction agents (spermidine was omitted from the Vibrio 
proteolyticMS XoiBlB^ A 1^^^ up to 700 charge 

equivalents.). 



FIG.14* EtMdiiim bromide- staiited 3% agarose gel showing Vibrio protealyticus RNA 
firactionation by hexanmiine cobalt precipitation. Lane 1 is the BPER/spermidiae initial 
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lysate. Lane 2 is the supernatant of the 2 mM hexatnine cobalt RNA prec^itation 
(containing low molecular wei^t RNAX and Lane 3 is the resusgpended and con^action 
agent-stripped pellet of the hexamine cobalt precipitation (containing mainly 23 and 16S 
rRNA). 

JIG. 15. PAGE 4%/10% con^osite gel stained with SYBR Gpld showing total Vibrio 
proteolyticus RNA separation by hexammiue cobalt precipitation. Lane 1 is the 
BFER/spenmdine initial lysate, mid Lane 2 is the^ resuspended, and compaction agent 
stripped pellet of the 3 . 5 mM hexammine cobalt precipitation, showing that all species are 
precipitated and resuspwded by this procedure. 

FIG. 16. Ethidium bromide- stained 3% agarose gel showing the separation of pCP3X3 
artifidal RNA by hexamine cobah fi^ctionatian. Lane 1 is the supernatant of the 2 mM 
hexamine cobalt RNA precipitation enriched in low molecular weight species, and Lane 2 is 
the resuspended and compaction agent strq^ped pellet of the 2 mM hexatmne cobalt 
precq)itation, containing prinaarily high molecular weight RNA. 

FIG.17. SYBR Gold-stained 2% agarose gd showing the P ribozyme con^action 
precipitation protocol. Lane 1 is the supematant of the first con:5)action prec:5)itation (with 
2 niM hexariniiine cobalt) and Lane 2 is tire pellet of the first precipitation. 
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BIG.IS. Multiple FPLC chronrntograms from nondenaturing anion-exchange 
chromatography of RNA. Top: Chromatogram of Vibrio proteofyticus RNA on a 10 ml 
high performance Q Sepharose anion-exchange column (Pharmacia). The gradient was run 
over 12 column votames from 0.30 M NaGl to 0.45 M NaGl and over 20 CV's from 0.45 
M NaCl to 0.57 M NaCl in a column buffer of 20 mM bis-tris propane and 20 mM EDTA 
at pH 6.9. Bottom: same as A except the aRNA p€P3X3 expressed in Escherichia coli 
JM109 was purified and the gradient was linear over 32 column voliunes from 0,30 M 
NaCl to 0.57 M NaCl 

Table A giA^es prefen*ed, more prefeired^ aiid most prrf^ of some of 

the parameters of the invention. 

DescrmtioB of the Preferredl Embodiments 

Example 1 

Large-scale Ptasmid Preparation 

Referring^tD Figure 5^ co/rJM^ strain cx)ntaimng pBGS191tixwt 
plasmid gmvm^ in PseiidorQonas^^ M (per liter of media add lOg 

tcyptone^ I Qg yeast extract, 5g K2HP04, l%^ salts solution to 

IL of distitted watca: where the salts sokition contains 4 0 g MgS04*7H20, 
0.2 gNaCl, 0 4 gEeS04^7H2Q. and O lgMnSO^^^^ in 100 mL of H2O) 
at 3 7 in a 20 Applikon fermentor (20 liter i/^-^r/M steriHzable bioreactor 
niodel nijniber Z611 120001). Overall fermentation time continues for about 
12 hours and the cells grow to anODeoO of about 20. The fermentor is 
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harvested and the cells are pelleted at 4000 rpm in a Beckman centrifuge (6 L 
capacity rotor) for 30 minutes. Then the resulting pellets are optionally placed 
into plastic bags and heat-sealed to make crisps. The yield of the fermentation 
is approximately 440g of wet cell paste. 
5 Cells are lysed usiag^ a scaled-up version of the alkaline lysis procedure. 

Eicst add 1 5rnL/gram wet cells of solution 1 (25 mM Tris Free Base, 1 0 mM 
EDTA^ 50 niM Dextrose) arid vortex. Next i^^ added 15 mL/gram wet cells of 
Solution 2 (1% SDS and0.2 N NaQH) and the mixture is inverted 2-3 times 
13 andput onice for 5 minutes (beingicareful at this point because the nucleic 

ig 10 acids are extremely shear sensitive at hi^pH). Finally^we add 15 mL/ gram 
w^t ceils of solution 3 (w^h is 600 mL of 5 M KAc^ 115 mL of glacial acetic 
111 acid^ and 285 mL of distilled vvater per hter .) and invert 3-4 times and put on 

k 

3, ice again for 5 minutes . The alkahne lysis not only disrupts the cells allov^ng 

J DNA into solution but also most of the cellular p 

■p 15 EXNA are precipitated At this point a vviiite slime^ 

D 

j2 predpitated protein^ and precipitated di^^ remains dispersed 

in the liquid. 

At this pointy a filtration is run to remove the cellular waste fi:^om the 
(g) 

lysis step. 30 g/L Ceiite Hyfto, a diatomaceous earth filter aid, are added to 
20 the product of the alkaline lysis and niixed^^m^ 

tums out to be a problem the amount of CeHte can^ be raised to 50 g/L). The 
suspension is then filtered througJi Wh^^ filter p^per in a 12-cm plastic 
Biichner fimneL Next^ the DNA is precipitated by adding 0.7 volume -20 °C 
isopropanolto the filtrate and centrifugitig: in 250 mL bottles at 15,000 x g in a 
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Bedaiimt!iodelJ2-21 centrif^ Pellets are allowed 

to dry by inversiortfor 10 mmutes and each is resuspended in low ionic 
strengaibijffiBr(75 mL of 10 mMTris buffer pHL8.0) iAji equal volume of 2.9 
mi^spemiidine (spermidine trihydmcMori salt from Sigma 

Chemical, product nmnber S 2501) sotutiott in 10 mM Tris buffer pH 8.0 is 
added^ the solution is mixed gently for 15 nrinutes at room temperature, and 
therLcentriftigEdat 1 5,000 x gfor 10 minutes at 24 °C. The supernatant is 
discarded, 25 niL of wash solxition (50 % isopropanol with 300 mM NaCl, 10 
mM Mgei2, and 25 mM EDTA) is added to the tube containing the pelleted 
DNA^ and this ssolution is incubated fiar 15 niiimtes at room temiperature before 
a £mal cenfiMigattt)n^at 15,000 x gfor 10 nm The supernatant is 

discard©d,^1he nucleic acids pelleted with 70^^ (to eliminate any 

residuatsalts)and theneadipdletis msusqpended in 10^ of TE (10 rtiM 
Tris HCt 1 mMEDTA, pH 8.0) with 570 mM NaCl. 

The plasmid is loaded onto a Spectrum FPLC cxjlumn (2.5 cm x 60 cm) 
packed with 1 50 mL Q Sepharose high performance anion exchange matrix 
and equiUbrated in 10 colimm vohirnes of TE wifli 570^^n^ using a 
Pharmacia Automated EPLG systeiiL(Phannacia Code number 18-1040-00). 
Loadingiand dutbn areperformed at a linear velQcily of 90 cm/hr. The 
column is washed with 1 column volume of TE with 570 mM NaCl followed 
by 4 column volumes of TE with 600 niM NaCL A linear gradient of NaCl 
(600 mM to 700 mM NaCl) in TE over 4 column vohnnes is used to elute the 
DNA. Absorbance is monitored at 254 nm and appropriate fractions are 
collected with a final yield of 6.5±0. 1 mg' 6 grams dry cell weight. In other 
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experiments^ the yield is increased significantLy by performing a temperature 
shift from 37 to 42 in themid log:phase of gtpwth during the initial 
fermentation. 

5 Example 2 

Plasmid Mini-prep 

Three mL of LB (1 liter contains I Qg of tryptone, 5g of yeast extract 
anilQg ofNaCl) medium contatning:5Q ^g&^ inoculated with 

10 E. ca/r JM1G9 containing:the plasniid pBGS191uxwt and grown overnight at 
37 A 2 niLaKquotof this cuiturem^ a2 rtiL microcentrifuge 

tube and then centrifiiged at 14^0QQ x g^fbr 5 minutes tp pellet the cells. The 
ceUs are then resixspeiided and lysed by th^^^ method, (see 

reference 10) 300 |d of solution L (25 mM Tri^^^ lOmMEDTA, 50 

15 mM Dextrose) is added to the pellet and the pdttet is resuspended by 

111 

Yortexing. After 300 |Ld of solution 2_(1^^^^ sirifate (SDS) and 

0,2 ]Sf NaQH) aoe added and^te times and placed on 
ice for 1-2 minutes. 

Next 300 plof ice-cold solution s (wMct is 6W 115 mL of 

20 gkciai acetic acid^ and2S5 rnLiof dis±itt is added and the 

niixture is invert^ 1-4 tiroesjand a 1 minute. Then the 

solution is centrifiigedjnia tal^ speed 

and the sipeoiataiit^^ solution is 

precqiitatediwilit O 7 votun^ The pellet is 

25 resuspend^din5M idlOmMTri^^^^^ ^1 of 2.9 mM 
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Spermidine (Spermidine trihydrocUoride crystalline salt from Sigma Chemical 
product number S 2501) stock is added. The tube is vortexed 10 seconds, 
incubated fcr 1 minute and centriftiged at 14,000 x g for 2 minutes. The 
supernatant is discarded and 400 jjil of wash SQlutiDn(50% isopropanol with 
300 mMNaCl^ 10 mM MgCl2, and 25 mM EDTA) is added. The tube is 
agamvortexed, incubated for 1 rninute,^ and centrifuged at 14000 x gfor 3 
minutes. The resulting pellet is washed with 70 % ethanol aid resuspended in 
30 yX deionized H20. 

Example 3 

Selective Precipitation 

The concqst of selective compaction precipitation is demonstrated by using 
salmon sperm DNA,_^pBGS191uxwt (a 6 kB derivative of pUCl 9 expressing 
Vibrio harveyi lucifoase)^ andtotal baker's yeast Both salmon sperm 
DNA (not showa) an±the plasmid are efficiently pc^pitated with 0.5 mM 
spermidine at low ionic strength,^but not in 600 mMIsfaQ. Yeast RNA, in 
contrast, does not precipitate at either ionic streiiglh^ as^^ s^^ in Figure 2. As 
practical applications will usuaUy involve at least a modest ionic strength, the 
concentratiDn of spermidiiffii3aiuired ta pr^ DNA in the 

presefice of too mMHaCl is measuredand:^und to be 5 - 10 mM 
spermidine. 



Example 4 

Tetra\>a1ent Spermine 
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In other experiments conducted according^to Example 3, plasmid DNA is 
precipitated in_the presence of up to 200 mM NaCl substituting 10 mM of the 
(more potent) tetravalent spermine for spermidine. However, the spermine has 
two major draw backsiit is not as selective for DNA over RNA as spermidine 
so some RNA contanitDation can be present and spermine is difficult to 
completely remove from nucleic acids and will interfere with some later 
apphcatioiis such as restricliDn enzyme digestion. Spermidine does not have 
these problems, thus it is our most preferred compaction agent for DNA 
applications. 

Example 5. 

Gram-scal&NQti-chromatQgraphic Purification 

Referring to ligiire 2,^ ©ampaction precipitation used in a gram-scale non- 
chromatogr^ihic sqiaration of plasmid DNA using the following steps: 
alkdine lysis (s^ reference 10)^ Celite filtration (see reference 1 1), 
isopropanol predipitation^LLCl precipitation (this step is optional), (see 
reference 12), isopropanol precipitation,, compaction precipitation, and (if 
desired to remove cornpactiott agents) washing with isopropanol/metal ion 
solution. In this procedure, tiie priittarycontrjbution of compaction 
precipitation is to remove the @:eat majority of the EtNA without the use of 
RNAse. 

To elitninate compaction agent from the DNA peUet, several washing 
conditions have been exanrineA Preferably, a 50% isopropanol solution with 
300 mM NaCl, 10 mM MgGli and 25 mM EI>TA is used to remove 
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Spermidine. Ranoval of compaction agents can also employ non-alcoholic 
solutions of higtLionic strength, and may be unnecessary for plasmids, which 
are to be formulated witfispemjine or spermidine for pharmaceutical delivery 
purposes. The selectivity of precipitation canbe seen in Figure 3, which 
illustrates the stages: of a typical compaction^ent plasmid purification. 
Lane 4 of Figure 3 shows the siqjernatant feom compaction prec^ vdiile 
Lane 5 shows the: resusp^ended peltetfirani th& same precipita^ Lane 6, 
a 10-Md ovedoad of the pksmiApeUet ittvdiictoniy^^a^^^ amount of RNA 
can be visualizsed:.^ The: compactionprecipitati^ percentage of 

DNAin the sample ftomiappiDximataeLy 2% to approximately 99%. 

Example? 

Effect ofCompantion PmcipttattQn on Subsequent Ion-exchange Polishing 

Referriiig:to Mgiires 3 and 4,^ aniDn-excliang£chrDn^^ is commonly 
usedfor fmal purtficationof piasniidBNA (se&referenqe 13). It is found that 
RNA removal improves the throi^Jqiut of subse<per± jon-excha^ columns 
for plasnndDNAreducii^gih&resotutionrequiredto produce RNA-free 
plasmids Aniaffiexchang& chmrnatagraphy k performed^ o a Pharmacia FPLC 
SystemLta ehmirafce residual traces of RNA (Figure 4); The selectavely- 
precqpitatedplasmid, (l(>mg4jhjs Ifaere^ resuspended in 

column rumiing:bufferand:fimiionat^ 

perfiormance anion-exchangEr oolmnn with the NaCl etution profile shown in 
Figure 4 (top panel). The absorbancs^^prQfflejshDwn in ^e m^ panel is the 
aniott-exxdiange.separalioniQf resu^endedisaopTopanol^^^^^ not previously 
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subjected to compactxoa precipitatioi\^^w lower trace is the separation 

of raaterial from wMch most RN^^ a preliminary 

compaction precipitation step. The &st tsvo peaks are RNA passing through 
the cotinmL during the initial 57Q mM NaCl wash and an additional spike due 
5 to a step to 600 mM NaCL The next peak (3) is a large RNA fragment, and 
the next two peate are linear (4) and closed-circular plasmid (5) respectively, 
as determinedby agarose gel electrophoresis (Figure 3, lanes 7 and 8). 
After compaction precipitation^ the amoijnt of RJ^^ to be removed is greatly 
reduced^ the loading capadty for plasrnid DNA k^^^M of the lack 

10 of competing RMA) and the initial wash can he reduced in duration since very 
littie RNA needs to be removed. 

Examples. 

Small-scale Freparqtion of Plasmid DNA: 

In addition to larger-scale pharmaceuticalmanufectim plasmid DNA is 
often pxrafied on- a sniatter scale for s^^^^ With this 

in mind^ another eriibodiment of 1^^^^^ based on 

conapaction precipitation^which is directly scaled down from large-scale 
20 protocol. 

The detailed protocol is as follows: 

1 . Grow plasniid coaitaining^LB cell cul^^ at 37 °C with proper 
agitation 

2. Centrifi^e 2 mL of at 14^00 x g^for 5 minutes and decant supematant 
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3 . Resuspend cell peUet in 300 pi of GTE solution (50 mM glucose, 25 mM Tris- 
HCl (pH 8.0X 10 mM EDTA (pH 8.0)) 

4. Add 300 fd of Alkaline Lysk^^ solution (0.2 N NaOH and 1% SDS) and gently 
invert 3-4 times. Store on ice for 1-2 minutes. 

55. Add 300 pi of neutralization solution (60ml of 5 M KAc, 11.5 mL of glacial 
acetic acid^ and 2S^ mL of distilled water per 100 mL of solution. Mak;e sure 
to stor^ at -2Q^C) md aliow it to sit for 1 minutes on ice. 
6. Ceiitrifi]@e at 14^00 X g for 5 rriinutes and trarisfer sijpern to a new tube. 
1\ Add 0 J volume of "20 °C isopropanol (0.84 mL)^ vorte?c and centrifuge at 
m 14,200 X g for 3 minutes 

8. Decant siq)eroatant and resui^endpeltetin^^^^^^ at pH 8.0. 

9. Add 4Q0 pi of 2.9 mM spermidines vortex^^ i 1 minute, and 
centrifuge at 14,200 X g for 2 1^ 

10.1>ecant the supematant 

isl LWash the pellet with^^^S^^^^^ % IPA stock with 10 mM MgCl2, 

300 mM NaCl, aod 21ndS^ EDTA, (^ 600 
roM NaCt and 50 niM EDTA and add V I do the preps. 

Bewarethatover the course of 2-3 hours the metal ioi^ will precipitate from 
the washing:solutton_aDFmixfreshsolutio (Optionally, anew 

20 stripping solution has: been developed that consists of 50% EtOH, 300 mM 
NaCl and to roM EDTA which works well for this ^plication without the 
issues with the precipitation of salts). Incubate for 1 nrinute and centrifuge for 
2 minutes at 14,200 x g. 
12. Decant off wash solution. 
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13. Add 400 fit of 70% ethanol to wash the pellet Preferably spin down the pellet 
for 20-30 seconds before decanting to make sure the pellet is not lost 

1 4. Resuspend in buffer of choice. 

The final product PGR-is sequenced successfiilly on an ABI model 377 
sequencer^ yielding^approxiniately 600 bases of usab^l^ sequence information, 
and welt digested by restriction enxyraes EcoR I and Hind lit 

Example 9 

Separcftion of bacterial RNA 
With the proper sdective precipitation strategy apd the proper gradient 

as weha^e developedmeans of fast puri^ bacterial rRNA. 

Cells arcLgrown in ]ja medium (10 grams of tiyptone, 5 grams of yeast 
extraxd:aiid lO gisms:of JSfaC^^ shake flasks 

and the cidtures are harvested in the niid-logpl^ (PQeoo 1 . 5 or less). Cells 
are tiien^pelleted md stored at -80 ^C untiLneeded Initial experiments are 
done onthe \?did t>^e celt strain (see reference 29), 

A non-icHiie det^gent mixture (SPER®) is^ used to lyse bacterial 
cultiK-es^. 60 wij of BPEPi—p^ liter of cells at OD^oo ^ found effective 
in celttysis. To these tysed celts^ 1 volunm HCl buffered 

in 20 mM bis-tris propane (BTP) at pH 6.9 is added to the lysate to precipitate 
mwanted ehmmosomat andplasniid^^^D^ The initial lysis is helped by the 
addition of sperniidine^\?v4iich is also an anti-bacterial agent (see reference 34). 
This riDdxture k then^ centrifiig^^^a^ off into a new 

tube for fiirther purification ((^ solutions 
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caa be premixed into a lysis/DNA removal step).To the clarified lysate 4 mM 
hexammine cobalt was added and vortexedfcr 1 minute tiien centrifuged and 
the supernatant vras discarded. To remove hexarnniine cobalt fi'om the RNA 
backbone, 50 mL of a 600 mM NaCi 20 mM Mgei2, and 50 mM EDTA 
bnfiEered in 20 mMBTP at pH 6.9 was added^ This solution is rndxed for 2 
minutes or until the pellet had redissoh^ed^ NexL 2 votqmes of ice cold EtOH 
are added to precipitate tile RNA. Finally the Ea^TA pellet is resuspended in 
300 mMNaClbnfiGered in lOmMBTP witk2 ni^ at pH 6.9 (column 

loading buffer). lignrr 6 is a 3% biogd (a^mse) electrophoretic gel 
shovdngthe separatiorLafte and th^supemat^t and stripped pellet 

from the above detailed separation. 

The BLNAisLloaded^ using^ a Pharmacia^F^ onto an Amieon 

FPLC column(2crnJL8 cm) packed-W^ Q Sepharose high 
performance media^and equilibratedia„ 10 coluro^ of colmnn buffer 

(20 mMbis-tris propane and 20 rttM EDTA atpH 6.9). Loading and elution 
are performed at aziinear velocity^ of 90 cn^ is washed with 4 

column volumes of aohimn loading^ buffer^ R]SLA is eluted with a linear 
gradient of NaCl (100 mM to 570 roM NaCt in cohmm^biiff^ performed over 
10 column volumes^ Absorbance is monitored at 2$4 nm and appropriate 
fractions are collected. 

Nondenaturingianion-ejodbange chrora then be used to 

cleamq? and separabeieadtt component of the rRNA fractions. 

The anioiiHexdiar^ colurmis^ m Q Sepharose 

strongianion exchm^erTram Pharmacia. Eigm the absorbatice 
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profile obtained fi:ont a separatioa of K proteolyticm RNA over the colxwnn. 
The column was loaded with selectively precipitat enriched in rRNA, 

This allows the amon-^chaoge cotomn^^t^^ resolve 5S rELNA firom tRNA. This 
separation k veiy difi&cult unless the amount of tRNA is reduced before the 
ardon exchaage colunm is ruTL Peaks 3 and 4 are the 16S and 23 S rRNA 
respectively. It is also possible to resolve the 16S and 23S rRNA on a 
nondenaturedanion-CKdhange column as shown ia E'igure 7 in the last two 
peaks* 

Example 10 

Separation of artificial stable RNA 

Artificiatstable RNA (see refeences 2Q using the 

basic steps of Example 8 but with a few modifications. The aRNA pCP3X3 
was produced in the ^^ co/r J^ OD600 fi^om < 1.5 in 

commonl^ media. Precipitation and the procedure are identical to 

example 9 except for the anion-e^echange ooliwrni procedure. The anion- 
exchange^ columnigradient k run between 0.60 M NaCl all 

in a column^buffier Qonsisting^of 20 niM^^ b propane and 20 mM EDTA at 
pH 6.9 over 10 column volumes. The plot of 254 mn absorbance vs. volume 
fi:om the FPLC systemifor fhis^purrfication i^ showQ in Figure ?• 

Example 11 

Separation of a hactericdly-expressed ribozyme 
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Ribozyme is prodiiced iismg^a^TT-promotedplai^^ p ribozyme was 
produced in_sti:aiii^^ plasmid pMPD4. 

(reference^23) Egression of p ribozyme^ w 1 mMITPG 

of at OD » O A Ali precipitatioB an^d lysis conditio the same as example 
9 but the arrion exdhiaii^ €X)ki^ differently The colmmi 

running bxifiBet for tilts sepa^^ 10 niM bis-tris propane wth 2 mM EDTA 
at pH 6.9 (dane to spreadout the gradient ) The colynm is run from 0,3 M 
NaCl in column buffer to 0.65 M NaCt. The 254 nm a^sorbance vs. volume 
plot is shown in Figure 8 and peak 1 corresponds to the p ribozyme. The 
problem with tins sepai^on is that the p ribozyrne in lengtii and 

caniiot be resolved from tRNA and rnRNAon^m^ column as 

shown in Eigime^$, Altemative separation ste^^^ can be tried are 
separation by siz^ exclusion or hydro^apatite chroniatograp^ (see references 
31-33). 

Example 12 

RNA mini-prep 

A RNA mini-prep i& done witii roughly^ t^^^ concentrations of reagents 
detaitedin Exaniplc 9 except onarnucksmaEer^?^^^ according to the 
followiiig procedure. Man^ mini-prep will 

be apparent to those skilled in the art. For ^m^ done to produce 

total RNA and fractions of RNA enriched based on ti^e size and amount of 
structure (double strai^dedness) of the RNA. 
Protocol: 
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I . Grow cells and harvest in mid log^ phase. (Maximizes RNA content) 
CenttifageatMaxispeedin a table top centrifo 5 minutes and 
decant supernatant (store at - 80 if not used immediately) 

3. Addl504d (15 m]^4 gcams of wet c^^^^^ 78248) and 
resuspend pelleted cells by vortexing. 

4. IncubateL at room temperature for 2 minutes. 

5. Add 15Q pi of 2.^ mM: spermidine HCL(Sigin^ buffered in 20 
mM bis-tris Propane (BTP) at pH 6.9, vortex and incubate for 5 
minutes, 

6. Centrifuge at 12^000 rpnr^r 10 minutes at 4 ^C. 

7. Decant si^ematant to £Lnew t^^ 4 mM CoCNHs)^ 
buffered in 20 mM RTF (Sigina^H^ incubate for 5 
niinutes. (fiar total RliAme 7 m and for 16S and 23S 
rRNA use 2:5 mM Co(NH3)6) 

8. Centrifuge at 12^000 rpm for 1 0 minutes at 4 °C. 

9. Decant supernatant andxesui^end in 30Oj^ of stripping solution 
(600 mM NaCt 10 mM MgCW and25 mM EDTA buffered in 20 mM 
BTP at pH 6.9 (all chemicak from Sigirta:))^ vortex and incubate at 
roomtempejBture for 3-5 minutes, 

10. Add two volumes of ice-cold etha^ centrifuge at 10,000 
rpm at room temperature for 5 minutes. 

II. Decant supernatant andresuspepd in buffer of choice. 
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Assay by compaction precipitated probe target hybrids of 5S rRNA with 
ftuorescein labeled oligonucleotides 

The productioa of 5S rRNA accompKshed acco^ the protocol detailed 

in Example 12^ IlLemodificafe the procedure of E^mple 12 occurs after 
the addition of 5 mM^ s^^ of 4 mM hexanirnine 

cobalt Afber stqi6 tiiExaniple 12Land aft is added to a new 

tube-^lO mnokof Slflijoresceinlabe^^ 

ATA-GCG-ATT-T-3') is added. This solution is theti heated to 90 for 30 
seo^nds and thenj:Bpidly cooled on^^k^^ Then ace catyied out the rest of the 
steps in Example^ 13 hutexeept resus^ie^ |il of distitted H2O in step 1 1 

Next^iising^aniicroplatafhioro^^ for fluorescein the 

ftuorescenca is read inconiparison with con^ (e g. same hybridization 
protocol with a strain of cell for which the probe will not bind and another 
without lhe kbeled prob^ If the coff^ is present the 

fluorescein emission wili be well above back^ 

Example 14 

Clariftcation of protein-containing solutions 

TMs example demonstrates (see:reference 35) how^^D^ removed from 

lysates to aid in protarinipurifi^ in the Applikon 

fennenter j(a&ine2iarnpte l) and^t^^ strain 1547 (a 

derivative of JM109). Approximately 120 gt^ms of wet cells were 
resu^ended in20mMHEPEabufBer^^^^+ atpH 8,0. Then 

the lysate k run thmugt a French ceOtpr^^ After lysis^, 6 
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mL of 0.5 M spermidine HCl solution is added the overall pH was 
readjusted to 8.0. Next the lysate is spun down at 12J)00 x g in a Beckman 
J2-21 centriftigaat4 ^C. This cleared lysate is rurLoyer a 300 mL High 
perform[an0e Q sepharose co^l^^ and an 

optimized gradient for proteins el^^ After spermine precipitation the lysates 
am visibly less viscous., have a negligible amount of nucleic acid remaining as 
checked using agarose gel electrophoreses and proJt^ concentrations are 
identical to that of the untreated solution as determined by BioRad' s Protein 
Assay (a Bradford Assay). 



Example 15 

Mini-prep from d^cult host strains 

The techniques of E^^mpLes^ 1 and 2 are apphedto host strains that are 
difiBtcuit to sq>amtenudeic acids±]Qni^^^^^ the strain of 

Pseudomonas II>2^A?^ch has a p^^ outer membrane. 

This cell straiiLis extremely hard to process using conventional technology 
since the polysacchOTtdes: wilt o)-^ chromosomal 
DNA^ etc The selective predpitation done ac^^ 1 and 2 is 

an extremdy efifective^ sep^Btion on both the tege and small scale for these 
hard to purify host strains. The protocols in Example? 9 and 12 can also be 
apphed to purify RNA frorrr these sani^ hard to purify strains. 



Example 16 

Isolation of nucleic acid-binding proteins 
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This example demonstrates the use of compaction precipitation to produce an 
enriched sample of a nucteic-acid-binding protein^ (this protein is a DNA- 
binding^repressor A^ckbinds to a lac repressor found in the plasmid). E. coli 
cells harboring plasrnid encoding a protein with affini^ DNA sequence 
foimd in the plasrnid were grown in the Applikon fermenter (as in example 1). 
Approximately 120 grams of wet cells were resuspended in 20 mM HEPES 
buffer + 0.1% Triton X-IQO at pH 8 .0, and the lysate i§ ran through a French 
celLpress twice to lyse cells. Next thelysate is spun dqwn at 12,000 x gin a 
Beckman J2-21 centeifiige at 4 After coitri&gation, 6 mL of 0.5 M 
spennidine HCl sotutkm is added to^ t^^ the overall pH is 

readjusted to 8.0. Next the precipitate is^^^ 12,000 x g in a 

Beckman J2-21 centrifii^ at 4 *^C. Resuspension of the pellet resulting from 
this centrifugatbn results in a solu^ 



Example 17 

Separation of natural plasmid^ for^ 

Tbe process of Examples 1 aiKl 2 is appHed separation of natural 
plasmids^frompseudonaonas cells,^wMch,^encode^^fe degradative 
pathway. The isolatediplasniids are used inefifi^^ for the genes 

encodingjite degradative pathway. 



Example 18. 

Large-scale Endotoxin)^ PJasmid Preparation 
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In otiher e^eriments conducted according to Example 1 , the resuspended 
plasmid product is found by the Pyrocbrome(R) (Chromagenic Formulation) 
Limulus AmQhocytG Lysate (LAL) assay (Associates of Cape Cod, Inc.) to 
contain less than 0.3 Units endotoxin jper microgram plasmid (EU/\xg or 
IE/^lg). 

Example 20 

Additional Washing 

Additional washings steps are cambe added to ^ E 1 such that the end 

sample contains Less tiiamO l Units endotoxin permicrogram plasmid. 70% 
EtOH or a 1.5 mM spennidine rinse afito:^^^^^^^ by compaction 

precqjitBtion is used as:a washing st^^^^ the process. 

Washingicm be done by diffltration^espedd^ and can be as 

important as centri&i^ition^ f^ applications. 

Example 21 

MutUple Conqiactton precipitations 

Example 1 is can be augmented by peifermitig^the main process of compaction 
agent precipitation niultiple times in series t containing less 

Iban O 1 Units eodotoximper mi^ levels of 

other (X)ntaminants (e g. EtNAse^^^]^ are obtained 

possible with multiple conq)action precipitations. 

Example 22 

Tetrmalent Spermine (Low Endotoxin) 
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In other experiments conchicted according: to the process of Example 3, 
plasmid DNA is precipitated in the presence of up to 200 wM NaCl by 
substituting lOmM of the (more potent) tetravaient spermine for spermidine. 
5 The resusqpended plasmid product is found by the Pyrochrome(R) 
(ChiQma!^^aic.EanRulsti^ (LAL) assay 

(Associates otCape Cod^ hic.) to conlain^less timn^O J Units endotoxin per 
microgiBiirplasniidJ>NA(EU/^^ or repeated 

precipitations pmvide product ajntaining^ les^ Units endotoxin per 

r| 10 microgram plasmidIJNA(EU^ 

HMMiiiiifiifliviiiiaasiiii mi ii m mmm u mm .m m a ■ a.a mm na it m.m m m m an s a aaanaaaaaiiMattattMaaaaaaa'aaai 

I Examples for Ffltrafioii based Preparations 



iJ i 

ill 



Example 23 

Large-scale PJasmid Separation using Filtration 



E. coli JMl 09 steain containing pCMV sport P gal plasmid grown in 
i 15 Pseudomonas Media 187 (per liter of me^^^ 

^ extract^ 5 g K2HP04^ l Og glycerol^ 5 mL salts solution tp 1 L of distilledwater 

where the salts sohitionmntains 4.0 gMgS04^7H20, 0.2 g NaCl, 0.4 
gFeS04OT20. and 0.2 gMnS04*4H20^m 37 in a 20 L 

AppUkon feonector (20 liter m-sr^t^ stertlizable biqreactor model number 
20 Z61 1120001). Overatt fermeritation time continues for about 12 hows and the 
cells grow to an OD600 of about 20. The fermentpr is harvested and the 
celk are pelleted at4000 rpm in a Beckman^ centrifijge (6 L capacity rotor) 
for 30 roinutes. Then the resuiting pellets^^^^^ optionally placed into plastic 
bags and heat-sealed adfoazen to make crisps. Thayield of the fermentation 
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is approximately 440g of wet cell paste. Cells are lysed using a scaled-up 
version of the alkaline lysis procedure. First add ISml/gram wet cells of 
solution I (25 mM TrisFree Base^ 10 mMEDTA^SO mM Dextrose) and 
vortex. Hext is added 15 mL/gram wet cells of Solution 2 (1^ SDS and 0.2 N 
NaOH) and the rnixture is inverted 2-3^ t^ on ice for 5 minutes 

(being careM at &is point because t^^^^ extremely shear 

sensitive at hi^ pBQl Finally^ we add 15 niL/grani wet cells of solution 3 
(which is 600 mL of 5 M KAc^ 115 mL of glacialacetic acid, and 285 mL of 
distilled watenper hter.) and iovert 3-4 times and put on ice again for 5 
minutes. The alkdioe lysis not on^^^ allowing DNA into 

solution but also most of the cdluiar prnteiris^ andc^^ DNA are 

precipitated. At this pointy a white slime (mainly cell walls, precipitated 
protein,^ and precipitatedchromosomaLDNA^ remaiiis in the liquid. 

Afiitration^is run to remove the celb^ step. 30 g/L 

Celite® HyflLo, a diatornacaom earth^^^ffl^ product of the 

alkaline lysis and niiKed with a plastic is then filtered 

through Whatraan J t fitter papeiiin_^^a^ l^^ Next, the 

DNAis precipitatedl]y^ atMing^Q.7 volu^ (IP A) to the 
filtrate and centtifiigittgin 250 mL bottles at 15^^^^ x g in a Beckmmi model 
J2-21 ceotrifiige forlO rninutes at 4 (an attemativeLto centrifugation is the 
use of filtration to catch the EPA induced precipitant). Pellets are allowed to 
dry by inversion for 10 miiiutes and ea^ resuspended iij low ionic strength 
buffer(75mLof lOmMTrisb^^ Anequal vohmieof 2.9 mM 

spermidine (spermidine trihydmchlorid& c^ Sigma Chemical, 
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product mimber S 2501) sohitioa in 10 mM Tris buffer pH 8.0 is added, the 
solirtioiLk mixed geiitly for 15 iitmutes at room temperature, and then filtered 
through aQ,45 mm. 25 mL of wash solution (50 % EtOH with 300 mM NaCl, 
and 12J niMEDTA) is added to vacxium fflter vessel and allowed to pass 
throu^the filter assisted-hy a vacuum. Next^ 70% ethanol (to eliminate any 
residual salts) is passed over the filter twice (app^ 20 mLs total). 

Thenai^roximateLy lOmLof TE (to mM Tris HCt 1 ntM EDTA, pH 8.0) is 
used Id resuspend the purifiedplasmid DNA. ^ The filter used in this 
e^q^eriraentis aCormngBranddis5)os^^ 45 um cellulose 

ax^etate filtoi These separations will also work wtdi oth^ filters as long as the 
filtearsMve a^negUgible afBnily for nuc^ said filters have 

an adecpiatapore siffi and structure to capture theiiucleic acid of interest 
vdthout having probleros with the fil^^ the latter case, a 

filter aid that has li^^ affinity^ fi^rmideia acids especid^ plasmid DNA 
in this case can be med tD enhance^ t^^^ 

E:mmple 24 

Filtratmn-bmedJPlmmid Mini-prep 

Three niL of l^ (1 Hter contains 10 g„of tryptone^ 5 g of yeast extract and 
10 g of NaCl) mediuitLCOntairri^ 

coU JM109 containing: the: plasrtud^^^^I^^ overrdght at 37 

A 2 mL aliquot of this culture k pipett microcentrifiige tube 

and then centii&iged at 14,000 X g:te^ cells. The cells 

are thmlysed by the alkaline lysis (see reference 

Docket 009MUS^ 57 



009MUS2001{M:18; dP of 09/609,996 ffled 07/03/2000& 60/143,768 JJ| 07/12/1999 Atty 

Richard Coale Willsort Jr. R^POSO; Customer No. 026830 HP 



10) 300 Ml of solutiDa 1 (25 mM Tris Free Base and 10 mM EDTA) is added 
to the pellet and the pellet is resuspended by vortexing. 
After 300 pi of solution 2^(1% sodiim sulfate (SDS) and 0.2 N 

NaOH) are added andthamixture is inverted 3-4 times and placed on ice for 
1-2 minutes. Next 300 jid of ice-cold solution 3 is 600 mL of 5 M 

KAc^ 1 15 L of glacial ax^etic add^and 285 water per liter.) is 

addedand the mixtures ist inverted times and ag^in placed on ice for 1 
minute. 

Then the solution^is cmtrifiiged irL a tabletop Eppendorf centrifuge at 
maxinnm speed aod tiie^^^ supernatant^k^^^ a new tube. The 

resulting^solution is pcedpila^ volume of -20^ isopropanol. 

Then^ this solution is run„Qver a ce^^ loading the 

colurmand centri£Eiging:a^ Eppendorf 
centrifijgE) to reroove thelPAJndnced^^ from solution. 

Then 250 pi o£1.45 nd^spermidine in: 10 mM Tris HCl at pH 8.0. 
(Spermidine trihydrochlortde ciystelline salt from^Sigma Chera product 
number S 2501) was rutr over the mini columns contaminants 
leavingihi^y purifiedplBsniidD]^ of wash solution 

(50% EtOH with 300 mMmCt a^^ over the filter to 

remove tha compaction agent. Then the filter is washed ^th 70 % ethanol 
and finally (in a new tube) the plasmid niS^ 30 pi 

deionized H2O. 
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A RNA mini-prep is done witli roughly the same concentrations of reagents 
5 detailed in Example 9 except on a muctt smaller scale, according to the 
foUowing procedure^ Many applications and variat^^ to this mini-prep will 
be apparent to those skilled irtthe art. For instance, it can be done to 
produce total RNA and ftaxitions of RNA^ on the size and 

amount of structuEE. (doable stcandedness) of the RNA. 
10 Protocol: 



1. Grow celk and hary^est in rnid-log^phase.^ RNA content) 

2. Centrifiige- at Max^s^ieied in a table top centriftige for 5 minutes and 
decant supernatant (stom at - 80 '^C if not used immediately) 

3 . Add 150 nL 415 miy 4 grams of wet cells) of BPER (Pierce, 78248) and 



4. Incubate atroomitemperature for 2 minutes. 

5. Centrifuge-atl2,QQarpmfi)rlt)minutesat4°C. 

7. Decantsiqieaiatanttoanewtuheandaddi3QQpLqf4niMCo(^ 
20 buffered 

in 20 mMBTP (Sigma, JEL-7891)^ vortex^ and incubate fi?r 5 minutes, (for total 
RNA use 7 mMGo(MH3)6 and for 16S and 23S rRNA use 2.5 mM 
Co(NH3)6) 

8. Apply sohitiDn fiDimstep 7 to amicrofijge spin filter colunm and 
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RMA mini-prep 




150 |iL of 5 mM spermidine irt 10 mM bis tiis propane at pH 6.9, and 
resuspend pelleted cells by vortexing. 
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centrifijge imtil all of the RNA precipitant is captured in the filter. 

9. Rim 300 |iL of strippiri^solution^ EtOH, 300 mM NaCl, and 12.5 
mMEDTA 

buffered irL20 mM BTP at pH 6.9 (alL chemicals from Sigma)) over the 
5 microfuge column to strip the hexammine^ cobalt fi^om the RNA 

10. Next wask the^ filter TO applyingJD the spin filter column 
and centrifijging^the EtOtt solutian throng the column. 

11. Snap the rmcmfuge coln^ a new tube and: resuspend the RNA on the 
O filtCTA^itha bijffierof di^^ the cokimn to 

CICI 10 recover the RNA. 

111 This fiitration-based RNA separation protocol can also be scaled up to for 

, larger-scale RNA production using3^acn^ like the ones used in 

i| the LargD-scale Plasniid Sep 24, or using 

i'il 

,p 15 tangential-flow filters. Multiple saniples catL be processed in parallel using a 
1,1 microtitcL plate-format multi-s.ample filtration block. 

ri 

Example 26 

Comparison of Compaction Agents 

20 Using the protocol of E^sample 8 biot with the spermidine concentration cut in 
half on allthree plasniids tested works weU. W 1 jxgofthe 

plasrnid DNA per wett) there k a slight signaturaof Ri^^ but that is expected 
fi:om solution_transfer efects andthe factti of the alkaline 

lysatefi-om the vv^iite protein/chronioso difficult to accomplish 
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perfectly. Plasmid was produced wilii a 260/280 ratio of 1 .86-1 .91 within the 
260/280 ratio range of higt quality plasmid DNA and a yield that included all 
of the plasmidDNA iii the sample (comparing^a control isopropyl alcohol 
(IPA) only ruTLto th^e cornpaction runs the plasmid bands are of equal 
magnitude). It is^ also found lliat using the protocol where the IPA pellet is 
resuspetided inthe ootnpaction agent containingsolutio directly there are 
obtained 260/280 ratios that vary ftom 1.92 to 2.00 and RNA is very visible 
on the 0.8% E-gels. Also^ all of the spermidine lots Sigpia (two sub-lots) and 
a tot from Calbiochem worked equally well 



Example 27 

SepmationofChmtmsornaJ/Genomic DNA 
Anothec possible kit based on compaction^Hiecipi^ separation of 

genonuc DNAfrom boik eul5:aiyotes and prokaryotes. The preferred lysis 

method is usanglysozyroe^protsease K^ withLSomp and nonionic 

detergents^ to aid in the destruction of the celt membi^e. In addition, other 

lysis techniques may be useful wifb this technique if undamaged genomic 

DNA is released duringthe course of the procedure. Next, an IPA 

precipitation can be done to desalt tiie solutian^ and the a compaction 

predpilation using a resuspension solution (10 mM Tris HCl atpH 8.0), a 

compaction agEnt-containtng solution (< 2 .9 mM spermidine trihydrochloride 

(from Sigma Chemicaieo , product numhec 23399% a stripping solution (300 
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wM NaCl with 10 mM EDTA in 50% ethanol), and a final resuspension 
sohrtion(preferably TRwMchis 10 m 8.0). 

Example 28 

Mtcroscale Separatiom of Nucleic A^^ imng Compaction Agents 

Ciraendy^ there is a large amount of attention he^^ 
de\dces that are capable of PCR^ seqpencn spectrometry, 
chronmtography^ and etc. that fall on a 

chip. These labs on a cMp are nsiiahy based on th^^^ silicon wafers 

and the microchip fabrtcattonnieliiods using in^^^ industry. 

Compaction can be med on this^ scale^^^^ or in an 

assay format (e^detectkyrof^n^ separation of 

gmDmic DNAJfor genetic testing, etc.). 

An exanipie of sudra^ de\ice Ims etdhe^^^ 

^^ch a conipactbon agent co^ stream can meet 
and a target nucleic acid can^he precq^ Using^etd^ed niicrofilters (small 

channds canbe etchedJnto the surfece) t^^^ be done by 

Avowing solutiottbased on the ai± taught to perform 

separations for later processir^ 13 can 
be appHed inia similar micro-scale device. 
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Stmctured RN A Isolation and Fra(^i^^ Compaction Agents 

The purification of RNA from bacterial cells has traditionally been 
achieved^ by phenol/chlorofomi exteactton and polyacrylamide gel 
5 electrophoresis (1). These methods-, however^ xequire considerable time and 
labor for modest yields^ and invol^^^^ the use of toxic substances. Selective 
precipitation is a hi^:£-capacity^^^ p used in the 

isolation of proteins (2X (3). While nucdeic acids also can be purified using 
13 precipitatbn^ by alcohols, poLyetl^eneimine^^^ agents (4), most 

155 10 prec^itation^raetlmds lackselecti acid types. 

|S CompactioiL agents gener^ am sniail^cationic rriolecules, which bind 

IP in either the m^r or minors g^ nucleic acid 

molecules. Coropactk^n^ agents chapge the conformation of nucleic acids 

f% 

2 through^ neutralization of tha phosfrfmte anion backbone and by the physical 

% 15 bridging of hehces (5% (6). We have recently demispstrated the selective 

fMrecipitation^ of pksmid lysates using 

compaction agents (7). 

In the present work^ the ex^^ precipitation to 

stiiictured RNA isolation is de^ drastically 
20 reduces the concentration of proteins and DNA^^ highly enriched 

RNA. Heji^mniine cobat is particuiady useM as it has a 

relatively higLselectiyity for RNy^ sequences. (8). 

In these Examples 29 - 33^the selective predpita^ partial fractionation 

of RNAfrom cett lysates using: compaction agents is detailed. 
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Example 29 

Straim, Cultures, and Nucleic Acids 
Bacteria are grown in IJB me^^ harvested in 

thenridJog^phase (OD^oo:^ 1^)^ andcelk stored at -80 until 

needed. Initial e^qierinients etnploy wild type Vibrio, proteofyttcus (9). The 
engineeDed 5S artifLciatKLNApCP3X3 (160 nt) was produced \n Escherichia 
co/r JM109 using the pk (9), (10), (11) . □ ribozyme (87 nt, 

recogtiizing^theLHIV^ type I integmse vird RNA) was produced in jF^ci^^nc/ira 
co/f &trainMM)92 containing the T7 prom pMPD4 (12) 

and induced with 1 mM ITPG at OD - 0.4. 

Condensation^e2q)eriments use salmon (Sigma, average 

lengthil kb)^ plasmid D]S[A(7 .9 kh pCMV sport □ gal originally obtained 
from Gibco^ purified by conipactton precipitation (7^^ and K proteolyticus 
Vibrio proteolyticus BMA^pm^^ protocol described 

below. 

Example 30 

Condensation Experiments 

Coirdeiisatioir cutves are used ta detenttme sdecti\^ coii5)actioii agents for 
different nucleic acids. A SPEX Ftaorolog-2 Fluorometer is used with L-format excitation 
aiid eirri^iott wavelettgtts set to 500^^1^ acid, compaction 

agents are added with constant stirring in a series of aliquots at 2 10- second intervals until 
scattOTng intensity is constant. 
Lysis: 
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A non-ionic detergent mixture. Bacterial Protein Extraction Reagent (BPER; 
Pierce), was mixed with an equal volume of 5 mM spemndine itt 20 mM bis tris propane at 
pH 6.9, and this lysis mixture was used at 120 mL of lysis mix per Kter of culture (OD^oo^ 
1) jftir raom ten^xeratore ceH lysis. Lysis is allowed ta proceed for one minute, then the 
mixture was centrifiiged 10 minutes at 10,000 x g, and the clarified supematant decanted to 
a new centrifiige^ tube: The eflfectr of the spermidine is to precipitate unwanted 
chromosomal and plasmid DNA (7), and possibly also to enhance lysis (13). 

Example 31 

Initial Precipitation of rRNA 
The clarified lysate^ is mixed i?rfth^^ a^^^ of 4 mM hexammine cobalt, 

vortexed for 1 minute, and centrifiiged (10 tninutes, 15,000 x g at 4X). The resulting 
pellet (priinarily^ iRNA)4s then carrfiri^ etiianpL To strip hexammine 

cobalt fi-om the RNA backbone the pellet is dissolved (100 mL per Hter of original culture 
at OD600 t) ia 30fr mM NaCt 2amM Wstm 6.9, 20 mM EDTA 

('*nondenaturing column buffer"), and (optionally) 6 M urea and incubated for at least 2 
minutes. The xesuspended RNA can then be further purified by chromatography or 
precipitated by the addition of 2 volumes of ice-cold ethanol. 

Example 32 

Light Fraction Compciction Precipitation 
A second hexamrmne^cobrft precqjitatiott is optiondfyper^^ to precipitate the 
smaller RNA fi-agments (mRNA, tRNA, ribozyme, etc.) and to reduce protein content of 
the final product. Thr sopoiiataM of the initial hexatmnitte co^^ pi'ecipitation is mixed 
with 0,33 volumes of 20 mM hexammine cobalt, vortexed for 1 minute, incubated with 
getttle iriixfaig^fi>r 15minutes^ at 4^e, and centri^ 15,000 x g at 4X). The 

supematant is then discarded and the low molecular weight-RNA pellet strq)ped as 
described above. 
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Example 33 

Noncknatunng Anton-Exchange Chromatography: 

The RNA tesuspended^ m column loading hiiffisr aft^ lysis and initial 
predpiMion(s) is loaxtedxi^^ x 8 cm) packed 

witk 10 mL Q Sepharose^M (Pharmacia) 
pre-eqmlilxated-^^OT^ column buffer. 

Loaditigi aad elutmn are performei^ a^ 90 cm/hr using a 

Phmnada FPLC system: at 4^C mtt absorbance^^m The 
colimin is washed wti^ column buffer, 

and RNA was etoed wift a linear gi^^ 570 mMNaCl in 

nondenatming column huffier over 30 coliwnn volumes. 

Example 33 
Smalt-Scale RNA Isolation: 

The protocols described above can be directly scaled down for small- 

scale-^preparation of RNA The 250 mL baxiterial culture used above is scaled 

to 2 mL and alt other volumes reduced^ pmportionaily . For small-scale 
stripping of compaction agents an alternatr^ column loading 

buffer is to resuspmd tbe RISIA pellets in a stripping sqlution containing 600 
mM NaCl, 50 mM EDTA, 20 mM MgCl2 in 20 mM bis tris propane at pH 
6.9. RNA is then precipitated \\dtb 2 volumes of ^ ethanol and 

resu^ended in^an appropriate buffer. 
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Specifc compositiom^ 11^^ intended to be 

only illustrative of^the^^^^ Variations on 

these^^ compositicms^ meto to a person 

5 of skill in:the artibasedii3^^ and are 

there&>re intendedta be indiided^ disclosed herein. 

For exaniple^ arotberpoteotial seledisre precipitation is to the 
isolation of ^RHA;^pnd^^ 

can^notonly piiecipitate^R sized RNA 

IS 

r 10 molecules. Einally^coropaction: agsait ca^ substituted for protamine. 



Most preferably^fhe iniffi^ of preparing substantially 

puofiedDNA^OTlhaijri: preferably free 

of anitnalrderi^edipmteitis orfree of no by 
adding an efi6ecti:^eaniQunt:o£ a compactiom^pit to a lysate so as to 

20 precipitate &om::said lysate^, DN A h^ of less than 3% by 
weight. 

Using cxmpaction:pmdpita^ (e.^. fluorescettiated 

prabe) is added to a solution containingits t stranded nucleic 
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acid is fornied and this stractmed hybrid can be sd precipitated 
while the single stranded probe be left in solution. 
A particidarfy preferred application of invention is for 

producingidiarmaceatic^ an RNAse level, 

chroroosomaLDMi^level^ c^ntanttnali^ level and 

a RNA level below the guidelir^ Food and Drug 

Administratioai^ (See e^ the 

Centnftig^tk^ of kits 

indttdii^those listed 1, 8, 23, 26 and 27, 

Som&preferred:^rd?odimen^ 

AA niettod of pffiparing^substantialL^^^ without the use of 

nudeases or pmteases^ t^^^^ a compaction agent 

to alysate txiprecipitate^^fi^ of RNA of 

lessjthan 3% by weight. 

B A roetiiodfor tteprnduction^of purifiedl^^ of RNA of 

less than^aboutl% by weight^:c^ following steps: 

A. lysingia cell^nass tn Klxe^^ the nucleic acids 

B. optionally predpitatmgj^oi^^ moieties. 

C. optionally ax^ustirigitheiortta strengt^^ concentration and; 

D. predpitatingiK substarrtiaLfia^^ aw^ from contaminating 
RNA andprotercLby addition: of atr eflfectiveaniount of a compa^^ agent. 
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C. A (ximpositioji of matteL com^ free of added 

nucleases^ and contairiingiless Jii^ by weight RNA 

A^nietbodof treatment^^ product and 

coiii^mmating I>N mixture in the 
presence of a^compactton agent to precipitater aj: least a portion of the 
contaminating DNA. 

E. A compositioniof C above addition^ less than 0.0001 
weight% RNAse. 

F A compositbn^ of Claim:^3 comprising a plasi^ proteins for 



use as a vaccine. 

G. A compositioiLof Glain]L6 

H. Anietfrad actxa:dingJo Clam is separated from endotoxin 
to a level of less liiatrQ. 1 EU/|ig plasmid DNA. 

I. A method &r niaking^a biochemical assay comprising hybridizing a labeled 
probe to a target and:tiiereafter precipitating the target,, leaving 
the urihybridizaedipfxjbe^l^^ in solution. 

J. A method for makfaigiaiLassay accordingito eiaini^ 9 w^ierein the labeled 
probe omipriseR a fluoffisceinrlajrel^ oligonucleotide. 
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K. Amethod^ancording:to B above ribosomal RNA, 

chromosoniaLDNA^ plasird^ RNA, or mRNA or 

other mIxiraLor synthetic nucleic acids. 

L. The rnethod oE A above coniprisingipmx^^ having an 

mdetectable content of ribonndeases standard assays. 

M The coropositioji of C above addittona%^c^ a content of 

enkaiyotic ribonnclea&es: of less^t^^ 0.1% by weight. 

N. Thenietod of Aabove:coniprising:prad 
enkaryotiartboniicleasi^af less^^ by weight 

O. The method of A above:in^^^^^ agent 
cxmiprises the^addittonijtt^^ compaction agents 

^^diereby impmvedseparajion^e results, 

P. TheniediodofB above&rther con^ chromatographic 
colunmipurifieation whereitrpri^ agents enhances the 

ovei^ loading^capacities of plast^ columns by 

elimination_of thanrajority of contani^ 
which woidd otherwise impair the^subsequent chromatography. 

Q. A metodancordtogita Aabove:a&iitiona% comprising stripping the 
compactiomagent by a strippingjm^^ group comprising 

hi^ salt addition and/or a pH shift. 
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R. Acompositioixfor the recovery of DNA cornprising^ rrdxture of combined 
reageiits^ one of wbidLlyses andone of whicbiprecipilates DNA to clarify a 
cell mass. 

S. A compositiomaccording tQ R ahove^m agent comprises a 

nonionic detergent. 

T A method according^Jo B above m whidilysing^cells is accomplished at a 
low salt cxmcoitratioir^vd^^ cells. 

U. A method acaordmgdto B above^x^ to remove 
large mKieiii acid inolecii^ 

V A method^ooadingito B above^ additkmally" comprising a technique 

selected feniJiie[:gmup:consisti^ addition of 

rK>niordc detergent^i^^ or any 

otlier relatively lowionic stcengtiL^L^^ nucleic acid free 
lysafcea&r later protein recovery. 

W. A method ac£X3aoding:to Aabov€^ conipri^^ application of 

the methodin parallel rnini^rqrpr^ of cell masses. 

X. A metbadof ass^ (xm^ probe while it is 
hybridized to a target. 

Yj^^^^^ grade plasmid 

DlSIAwitkaniEI^Asre^leyel^ protein 
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levels art eadotoxia level and a RNA level below the guidelines set forward by 
the Food andE)rug^ Agertay at website: http://www.fda.org. 



Z. A metliod accx>rdiiig to B above addition^^ a further separation 

5 step comprising one ormore techniques selectedfiDmJh^ gft)up consisting of: 
predpitation andjiesnspension^filtiB^ of more 

pure product. 



AA. me&odao^diiig^tn B above^^c^^ 0.001 to 20 

.3 roM of a compas^tioniags^ (Xmsisting of basic 

„p 10 polyp^5tides, polyamines^ trrvalentandi ions, or manganese 

|,,* 

chloride. 

?i r 

^. " BB. The rnelhod of Rabove wheiCT^ nucleic acid or a 
synthesized analog. 

K CC. The method of B dxrve vvto^ein the source^^c^ comprises gram- 

' 15 positive bacteria^ yeasty eukaiyotes^ Archaea, 

bacteria, protoma^phagss^other viruse fluids, mixtures of 

ceUs^ tissues^ or erryironmental samples. 



DD Anmtlmd of perfia^^ 
20 precipitation^wherein a:tagg£d:proba (e.^^ probe) is added to 

a soluticm <xmtaining:ifetai^^ is formed and 

this new stmctooed hyhrid:nndfceicr^a while 
thannhybridizied sin^e: stmnt^ left in solution, 
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EE. Amethodaccordingto DD comprising precipitating a substantial fraction 
of the DMA away from contaminating^RNA and protein by addition of the 
compaction eqmvaleiitof one vohime of from 1 to 10 mM spemiidine in the 
5 fomL of a compaction agent. 

FF. A method of separating a^n^ comprising 
compactions^ precipitation^whereini a lysate^^c^ nucleic acid-binding 

protein and its nucleic acid binding^parlner i^ treated with compaction agent. 
3 The protein k substantial^ precipitated alongwith i^^^ acid binding 

3;^ 10 partner^ and cmr cgrtionally be further purifb^ from the precipitate. 

p GGA conipositioniof (2^ abom comprising Units endotoxin 

per rnicrogtarnipiasnridB or IE/ug).$b. 

^1 ii HR A method according to B above produdng^ product comprising less than 

;iK 0.3 Units endotoxin^irer micojgratn ptasnii^ (EU/ug or lE/ug). 

15 II. A_composition^of C d^ove coniprising endotoxin per 

microgrmnpbsmidBHA (EU/ug or lE/ug). 

JJ. Acooiposition of C above cornprisk^ Units endotoxin per 

microgram pksniLdBNA(EU/^^ or lE/ug). 

KIC Abiotech kttcpmprt^^ other reagents 

20 aiidapparaittadesigped^to 
lysates or syitthetic solutions. 
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LL. A puri£ica±iDrLkit for plasmid DNA according to KK above 
coiaprised of lysis solutions^ a resuspensiori sol^ition, a compaction 
agent-based precipitation sohition^ and optionally 

a tinairestispensiott sokLtion. [based on Example 8.] 

5 MM. A piirification: kit for totaLRMA-aocording to KK above 

comprised^of a^lysisisohttion; a^ t* campacticox precipitation solution 
(which may be optionally combine witfa- the4ysis solution); a 2"^ 
oompactiorLp rer ip 1 1 a I k m sola±ion;-aLStripping solution; and 
optionally aLtinaljmttspensian«i^^ [based on Example 26.] 

10 NN. A pttrtticatirar ktt for diTomosomai-or genomic DNA according 
to lOK above comptrised of a lysis soh?^^ a resuspension 

solutkm, a compacliottagpat-baseAprecipita^ a stripping 

solution, and optionally a_finalresuspension solution. [ based on 
Example 27 . ] 



15 OO. A puritiration kitfor laoLg^WSiA fmgmei^is SLCCor^ to KK 
above ccniiprTsed-o£a lysis solntion;^ail^:ajra^^ precipitation 
solutiQrL(whichmay^te optionally combine^^^^^^ solution); a 

2"** compaction predpttation sohition; a_stripping solution; and 
optKHially afinalresuspensionisDli^ | based on Example 26.] 

20 PP. A piirifkBtion^ kit for fow molecular fragments 

according^ to KlLabove comprisedof a_lysis sohttipn; a 1^ compaction 
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precipitation solution (which may be optionally combine with the 
lysis solution); a 2^^ compaction precipitation solution; a 3^^ 
compaction pred^pitation solution; a strippixigsote aad optionally 
a fuialresuspension solution. [ bai^d on Example 26.] 

5 QQ. A large-scale plasmid DMA purification kit according to KK 
above comprised o£ lysis solutions, a resuspe^ solution, a 
compactk>n agent-based predpilation^sota solution 
aad optionally a finaLres [based on Example 1]. 

BtR. A large-scale filtrationrbased^plasmid purification kit 
10 according to (^Q abow comprised of lysis solxttipns, a resuspension 
solution, acompactionagentr^basedLprecipita^ a stripping 

solution and optionally a foial resiispension so^l^ [Based on 
Example 23,] 

SS^ The use of iiltxatk^ usability of 

15 kits listed in KK-SS above. 

Refierenceto documeaits madaiiL^^^ specification is intiqttded to result in such 
patents or trteralure being e^qjressiy i^^ by reference. 

20 What is claimed is: 
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